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PART L 

QUALITATIVE 



CHAPTEE I. 

GEITEBAL HEMAHKH OS GHEMIGAL ANALYSIS. 

1. Chehistbt is essentiallT an experimental sdenoe. Its ob- 
ject is the investigation of the material constituents of the 
globe, and the study of their different properties and relations. 
The student is, therefore, oonstanldj engaged in observing the 
phenomena presented on submitting the different substances 
that come under his notice to the action of various agents, and 
in the accumulation of facts derived from experimentsd in- 
'\ quiiy. It is, indeed, this circumstance which gives to Chemis- 
'^ try its principal charm ; the tyro no sooner b^ins to read than 
^ ^ he begins to make experiments, and being thus enabled, to a 
f certain extent, to verify for himself the facts brought before 
^ him, he acquires an interest in his pursuit which attaches him 
daily more and more to it. 

2. In order to pursue Analytical Chemistry with any chance 

of success, the student must possess certain qualifications ; 

^ these may be stated to be — habits of strict order and scrupu- 

lous neatness; a dexterity of manipulation which practice 

) alone can give ; a firm eonviction that the laws of nature are 

Of unchangeable, and that variations in experimental results must 

9 consequently imply either a non-fulfilment of certain necessary 

^ conditions, or some error in manipulation; and a rigorous 
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2 QUAUTATITE ANALYSIS. 

honeiiy, not onlj in recording results, but in experimenting, 
and in interpreting the phenomena which present themselyes 
in the course of an investigation, 

3. The determination of the constituent parts of a compound 
body is termed its Analysis ; and this may be either of two 
kinds, according to the object which the operator has in view. 
If he merelj seek a knowledge of the general nature of the 
substance, he i» satisfied, when by the application of certain 
tests, and by the performance of certain operations, he has 
obtained evidence of the presence of those elements of which 
the compound is made up, and the analysis he performs is 
called Qualitative; bat if he desire to appeal to the balance, 
and to ascertain not only the nature, but the actual amount of 
the elements present, he must shape his analysis in such a 
manner as to separate the constituents of the compound com- 
pletely from each other, and obtain them either pure or in 
some other well-known fonn of combination : he then performs 
a Quantitative analysis. For example, if on the addition of a 
few drops of solution of ferrocyanide of potassium to a clear 
liquid a hlue precipitate be obtained, the operator is at once 
satisfied of the presence of iron ; and if he is working qtudita-' 
tiveUf only, this experiment is with regard to that particular 
element conclusive, it requires no additional confirmation ; but 
if he desire to estimate the exact amount of iron present, he 
must conduct his analysis in such a manner as to separate 
every particle of the metal in the state of sesquioxide, in which 
state it is weighed, and the amount of metal deduced by calcu- 
lation. Now, before the chemist can proceed to estimate the 
proportions of the constituents of a compound body^ he must 
Jcnow exactly how many elements are present, and what those 
elements are. The Qualitative analysis always, therefore, pre- 
cedes the Quantitative; and it will be necessary to separate the 
two courses of study, and to treat each individually. 

QUALITATIVE ANALYSIS— OPERATIONS TO BE PERFORMED 

AND APPARATUS REQUIRED. 

SOLTTTIOir. 

4. To prepare a substance for the exertion of chemical 
action, and to suit it for the reception of the various tests and 
reagents to which we may wish to submit it, recourse is always, 
if possible, had to solution. Now solution is of two kinds. 
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being effected either by fluids whicb exert no chemical action 
on the body dissolved, as when sugar is dissolved in water, or 
camphor in spirits of wine; or by fluids which do exert a 
chemical action on the substance, as when ehalk is dissolved in 
vinegar, or iron in dilute sulphuric acid. Whenever it is prac- 
ticable, the substance under examination is dissolved in water ; 
but, if that menstruum should fail, recourse is had to other 
fluids, the selection of which requires care and judgment. 

5. A compound may be made up of constituents, some of 
which are soluble in water, and some insoluble. In order to 
ascertain this point, a small quantity of the substance, brought 
into a fine state of division by pulverization, is introduced into 
a test tube covered with distilled water and submitted to heat ; 
the liquid is filtered, while hot, into a small platinum or porce- 
lain capsule, and evaporated carefully and slowly ; if a residue 
remain, it of course indicates that a substance soluble in water 
existed in the compound. Should there be reason to suspect 
the presence of a volatile body soluble in water, heat should 
not be applied in the first instance, but the substance under ex- 
amination repeatedly agitated with cold distilled water, and the 
clear solution allowed to evaporate spontaneously. Bodies, how- 
ever, capable of assuming the gaseous state by the heat of boil- 
ing water, may in most cases be recognized by their odour, or by 
the application of certain tests which will hereafter be described. 

6. Alcohol, ether, pyroxylic spirit, and certain oils, are 
occasionally successfully employed to dissolve substances on 
which water has no action ; sometimes also a mixture of alcohol 
and water is found very useful. For example, if the object be 
to separate sulphate of lime (gypsum) from chloride of sodium 
(common salt), this cannot be effected by water alone, sulphate 
of lime being partially soluble in that fluid ; but by employing 
a mixture of one part of alcohol and two or three parts of 
water the two substances are easily separated, sulphate of lime 
being insoluble in diluted spirit. Acids, again, sometimes act 
as mere solvents, and may be conveniently employed as such ; 
thus oxalate of lime dissolves in hydrochloric acid without de- 
composition, as does also phosphate of lime, and both of these 
salts may be obtained again from their acid solution, unaltered 
by supersaturation with ammonia. 

7. The apparatus required for the purpose of solution is in 
general very simple. For qualitative experiments there is 
nothing so convenient as the Test Tube. It should be made 
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4 arAUTATm analysis. 

of hard German glass, and tbe bottom blown rocmd and 
tolerablj thin. The student should possess a good stock of 
tiiem ; they should be of Tazious sizes, from three to six inefaea 
long, and of such a diameter that thej may readily be dosed 
with the thumb, for the purpose of agitation. They should be 
kept ready for use in a rack, to which it is adrisable that there 
should be attached a series of pegs on which the tubes may be 
inverted, to drain after being washed. If the tube-rack stand 
be proTided with a couple of drawers, they will be found to add 
to its conrenience : they serre to hold the blowpipe, platinum 
foil and wire, charcoal supports, fluxes, etc. etc. A spring- 
holder is a useful accompaniment to the test-tube apparatus ; 
it serves to grasp the tube while its contents are under the 
influence of heat. When larger quantities of liquid haye to 
be operated upon, flasks of Tarious sizes may be substituted 
for test tubes, lliey should be of thin glass, with flattened 
bottoms and bordered mouths, ground smooth for the reception 
of corks, and to admit of being closed air-tight by ground- 
glass plates. The common Florence-oil flask is a useful 
chemical vessel ; the edge of the mouth should be rounded in 
the blowpipe flame, whereby it is rendered less likely to crack 
by the insertion of a cork. It is, generally speaking, of very 
uniform thickness throughout, and will bear the direct applica- 
tion of heat without cracking. As a general rule, however, 
the naked flame of the oil, gas, or spirit lamp should not be 
allowed to come into actual contact with the bottoms of large 
glass vessels, but tbe heat communicated through the medium of 
sand ; for this purpose a set of thin shallow iron dishes should 
be provided, from three to six inches in diameter, which should 
be about half fllled with flue siliceous sand. They may be 
supported on the rings of a retort stand, and they then form 
very convenient media for conveying beat to flasks, beakers, 
etc. To support Florence flasks, and other round-bottomed 
vessels, rings of thin sheet-iron or copper, covered with list, 
will be found very serviceable: they should be of different 
diameters and heights ; they are likewise of great use for sup- 
porting evauorating-basins, and the laboratory should, therefore, 
be plentifully supplied with them. 

PBECIPITATION. 

8. The term precipitation does not necessarily imply the 
subsidence of a solid substance to the bottom of a vessel, inas- 
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mucli as the body rendered insoluble may either float on the 
sor&ce of the liquid, or remain suspended in it. When the 
chemist speaks of a body being precipitated, he means that it 
has, by the action of certain agents, passed from a soluble to 
an insoluble state. The body separated is called the precipitate^ 
and the substance occasioning the separation is called the j>r»- 
eipitant. The vessels employed for effecting precipitations 
may be the same as those abready described for solutions, to 
which may be added the beaker, a thin-bottomed tumbler, 
which may be procured at any chemical glass warehouse, of 
all sizes, generally in nests of eight or ten from half a gill to 
a pint and upwards. For small quantities the test tube is 
always employed ; when the quantity is lar^e, the beaker is, on 
the whole, the most convenient, from the admirable manner in 
which it bears sudden elevations of temperature. Precipitates 
make their appearance in very different forms, and under very 
different circumstances. The student must, therefore, be 
careful not to draw too hasty conclusions with regard to the 
action which bodies exert on each other ; and if, on bringing 
two substances into contact, he observe no immediate effect, 
be must not, on that account, conclude that no action has taken 
or will take place. A few examples will serve to illustrate 
this. 1st. The precipitate may not make its appearance until 
after the lapse of a considerable time. Thus, in testing for 
magnesia, by means of phosphate of soda and ammonia, if the 
earth exist in the solution only in very minute quantity, no 
precipitate will perhaps make its appearance for several hours ; 
days may even elapse ere the minute stellar crystals of the 
double phosphate of magnesia and ammonia can be distinctly 
recognized. 2nd. Decomposition may have taken place, and 
yet, from the solubility of the educt in the fluid menstruum, 
no precipitate makes its appearance. Thus,, on adding oxalic 
acid to a solution of lime in hydrochloric acid containing free 
acid, no precipitate appears, oxalate of lime being soluble in 
hydrochloric acid ; but, on neutralizing the liquid by ammonia, 
oxalate of lime is immediately precipitated. Again, on adding 
to an aqueous solution of malate of soda a few drops of chloride 
of calcium, the fluid still remains clear, malate of lime being 
soluble in water, but on the,addition of alcohol it instantly 
separates as a white powder, 3rd. Occasionally (though this 
is rare) the precipitate makes its appearance only on the appli- 
cation of heat, the newly-formed compound being more soluble 
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in cold than in hot water. Thus, on adding lime water to a 
cold solution of citric acid, or a citrate^ no precipitate takes 
place till the solution is heated, when lane citrate of lime 
appears as a white powder, which redissolres as the solution 
cools : again, on adding a cold dilute solution of caustic potasea 
to newly precipitated tartrate of lime^ a clear solution is ob- 
tained, but on heating, a gelatinous precipitate separates, which 
is again dissolyed as the solution cools. 4tb. The precipitated 
substance is frequently redissolyed bj an excess of the precipi- 
tant : thus, Tiydrated oxide of chromium^ hydrated oxide of zinCy 
and alumina^ are each thrown down from solutions of their 
salts bj poiaua^ but the precipitates are all completely and in- 
stantly redissolyed by the addition of an excess of the alkali : 
again, on pouring iodide ofpoiaseium into a solution of chloride 
of mercury y a beautiful scarlet precipitate immediately ensues ; 
but, if excess of the iodide be added, the precipitate is dissolyed, 
aod a clear and colourless solution obtained. 

9. The forms in which precipitates make their appearance 
have been distinguished by yarious names, such as crystalline, 
examples of which are furnished by the acetate of silver, a salt 
formed on adding solution of a neutral acetate to solution of 
nitrate of silyer ; by the double chloride of platinum andpotas^ 
sium, and by the bitartrate of potassa ; pulverulent, as the 
oxalate and sulphate of lime; flocculent, as alumina ; curdy, as 
chloride of silver ; gelatinous, as when oxide of zinc is precipi- 
tated from its solution by potassa or ammonia, or as when 
chloride of calcium is added to an aqueous solution of hydro^ 
fluoric acid, or of the soluble fluorides, in which case the pre- 
cipitate is so transparent that it may easily be supposed that 
no change whateyer has occurred. Sometimes, again, a reaction 
is eyinced by the mere turbidity of the liquid, as when nitrate 
of silver is added to a solution containing minute traces of 
chlorine, or when a solution of a protosalt of tin is diluted with 
water, in which case the neutral salt is decomposed into a 
soluble acid and an insoluble basic salt ; or as when solution of 
protochloride of tin is added to a yery dilute solution of gold, 
when a purple-red tint is produced without the formation of 
any precipitate. The subsidence of a precipitate is frequently 
greatly facilitated by agitation. In cases where an elastic 
substance is eyolyed by agitation, or where there is excess of 
ammonia present, the flask employed shoidd not be too thin, 
or it will be liable to burst from the pressure of the yapour: 
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the addition of acids and salts also occasionally greatly facilitates 
precipitation ; chloride of silver and sulphate of haryta, for 
example, separate mucli more readily by the addition cJ nitrie 
acid; and oa^e of tin, formed by the action of nitric acid on 
the metal, has its precipitation hastened by th« addition of 
common salt. Oxide of iron again is sometimes eliminated in 
so finely comminuted a form that it remains suspended in the 
liquid for days ; an addition of a known quantity of nitrate of 
lead, and a corresponding quantity of sulphuric acid, may often 
be very advantageously made to the turbid liquid ; a known 
quantity of sulphate of lead is thereby introduced, which in 
its precipitation seldom fails to carry with it the whole of the 
suspended oxide of iron; lastly, Prussian blue precipitates 
from a Bolution containing free hj/drochlori, aeidmixci more 
readily and completely than from a neutral liquid. In qualita- 
tive testing, where the object is generally merely to ascertain 
the colour and general chemical characters of a precipitate, a 
few drops of the precipitant usually suffice, and the operation 
ma^ almost always be performed in a test tube : but in (quanti- 
tative experiments, where every particle of the precipitate 
must be obtained, the precipitant is added drop by drop until 
no further effect is produced, and the operation is most con- 
veniently conducted in a beaker. 

PILTEATION, DECANTATION, AND WASHING. 

10. The separation of a precipitate from the fluid in which 
it has been produced may be effected either by filtration or 
decantation. For the former purpose white unsized paper is 
used, the perfect purity of which in qualitative operations is 
not very often a matter of consequence: it should be suf- 
ficiently strong to bear the weight of a considerable quantity 
of fluid, and yet so porous as to admit the free and ready 
passage of liquids. There is no difficulty in procuring paper 
of this kind, though it is not easy to obtain unobjectionable 
paper for quantitative operations ; for, as it frequently happens 
that the Alter has to be ignited with the precipitate, it is of 
course necessary to take into account the quantity and quality 
of the ashes left by the paper. An excellent article is some- 
times to be met with under the name of Swedish paper, a filter 
four inches in diameter of which does not leave more than a 
hundredth of a grain of ash. It is difficult, however, to pro- 
cure it genuine, and it is therefore advisable to free paper 
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intended for minute &nd delicate experiments as much aa 
poaeible from iuorganio matter by treating it with hydrochloric 
acid, and Bubsequently washing with distilled water, eo ae to 
remove every trace of the acid; after drying, it may be con- 
sidered fit for use- The inorganic impuritiea m filtering paper 
ore iron, lime, and sometimes magnesia. The paper is cut into 
a circular form of the required size and folded twice in opposite 
directions, so aa to bnng the four quadrants together; one 
quadrant is then opened from the other three so as to produce 
a conical cavity, aa ahown in Fig. 1. 
The paper thus prepared is placed 
inside a glass funnel; care should be 
taken that it does not extend be< 
yond, or even quite reach, the edge 
of the funnel, Previoua to pouring 
the fluid to be filtered on the paper, 
the latter should be moistened with 
diatilled water, which quickens the 
process and diminishes the chance of 
Pig. 1. solid matter passing through the 

Sorea of the paper. In qualitative eiperiments where it is 
eairable to expedite the' operation as much as possible, and in 
cases where a large quantity of a bulky precipitate has to be 
separated, the filtrate bemgthe valuable part, — as for example, 
in the separation of the al/saline earths by baryta water in the 
process for estimating alkalies, — the filter may be plaited so as 
to prevent its close adhesion to the gloss. Eibbed funnels are 
sometimes employed for the same purpose, but they do not 
answer the purpose nearly so well aa 
plaited paper. It is difficult to de- 
scribe the method of making these 
plaited filters : on inspection of Fig. 
2, which shows the appearance the 

Eaper should present, will probably, 
owerer, convey all the requisite 
information. In caees where the 

firecipitate has to be carefully col- 
ected, plain filters should invariably 
be used, as it is difficult to remove 
^■g- 2- the solid matter effectually, from the 

external and re-entering angles of the plaited paper. The funnel, 
during the operation of Storing, is placed on the ring of the 
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ntorl; atand, or ia one of the holes of a filtering-Btand, and 
the fluid, if in a beaker, ia carefully poured duwn a glass rod 
in the manner shown in Fig. 3. The edge of the beaker is 
greased, bj which the adhesion of particles of the liquid is 

prevented, and all loss from trickling aowa the outside of the 
glass obviated. The clear fluid aa it dropa from the funnel 
should not be allowed to fall directly into the receiving veBael, 
but caused to impinge on its side, as shown in the figure; 
by attending to this, we avoid all chance of loss by the 
splashing of the liquid. These minutite of course principaliy 
apply to quantitative experiments. Theprecipitate, being col- 
lected on the filter, has to be washed. This operation ia beat 
performed by means of the wash bottle seen in Fig. 8, the 
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method of using which useful ^ieae of apparatus is sufficiently 
obvious ; it is filled with distilled water, and on forcing a 
stream of air from the lips through the short tube, a jet of 
water is propelled from the bent tube by the pressure of the 
air, and may be directed either in drops or in a pretty power- 
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ful stream wherever it is required. It is useful to have four of 
these bottles at hand : one stout one, for cold water for general 
purposes ; one made firom a thin flat-bottomed flask, for hot 
water ; and two smaller ones, for alcohol and ether. The wash- 
ing of the precipitate is to be continued until a few drops of 
the filtrate leave no residue when evaporated to dryness on a 
strip of platinum foil ; occasionally, however, this indication 
would be fallacious in consequence of the partial solubility of 
the precipitate in water ; in these cases, special testing of the 
filtrate must from time to time be had recourse to. In washing 
a precipitate on a filter, the solid matter should be washed from 
the sides of the paper and collected, as much as possible, in a 
thick stratum at the apex of the cone ; the water will not in 
this case pass through so quickly, but under more favourable 
circumstances for exerting its solvent power on the substances 
to be removed. During the operation of filtering, the funnel 
should be covered with a glass plate, to protect its contents 
from the dust and dirt of the laboratory. When the precipi- 
tate subsides rapidly and collects into a small space at tne 
bottom of the vessel, the supernatant fluid may frequently be 
advantageously removed by a siphon, which may be made from 
a piece of glass tube about 2 feet long and 0*3 of an inch in- 
ternal diameter. The extremities should be somewhat con- 
tracted. When this instrument is about to be used, it is filled 
with water from the wash bottle, and, keeping the longer leg 
closed by a finger, the shorter leg is introduced into the fluid, 
taking care not to disturb the precipitate, and then, on remov- 
ing the finger, the fluid is permitted to run out into a vessel 
placed to receive it. With care, and by gradually inclining the 
vessel, nearly the whole of the clear fluid may be removed from 
a precipitate, the washing of which may either be continued 
by decantation, or, which in most cases is preferable, it may 
be thrown on a filter and washed as usual. In cases where 
small quantities of fluid have to be removed from a precipitate, 
the pipette is frequently found very serviceable. This is a 
narrow glass tube, with a bulb about an inch in diameter blown 
in it, and drawn out below to a moderately fine aperture. To 
use it, the aperture is immersed in the liquid, and the mouth 
being applied to the other end the liquid is raised by withdraw- 
ing the air ; the finger being then placed on the upper end of 
the tube so as to close it, the instrument may be removed, and 
its contents transferred to another vesseL When the object is 
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to remove finely divided matter from concentrated acids, filters 
of powdered glass are employed ; coarse fragments of glass are 
first put into the neck of the funnel, these are successively 
covered with other portions more and more comminuted, the 
top being finished by a layer of small fragments ; on this the 
acid is poured, and, on passing through, it becomes clear. It 
is sometimes of importance to prevent the access of air as 
much as possible during the filtration of certain liquids, as, 
for instance, in the separation of caustic soda or potash from 
carbonate of lime. An apparatus for this purpose has been 
described by Mr. Donovan : it consists of a vessel somewhat 
resembling in shape an hour-glass provided with a tube of com- 
munication between each bulbj in the narrow part of this vessel 
a small pellet of cotton or asbestos is somewhat loosely 
placed, the liquid being introduced through the neck of the 
upper vessel, which is closed by a stopper ; now, for every drop 
of liquid that passes through the filter into the lower vessel, 
it is obvious that an equal volume of air must find its way 
through the tube of communication with the upper vessel. 
The filtration of the liquid thus proceeds in an uninterrupted 
manner without any communication with the external air. 

11. The precipitate, being collected on the filter and well 
washed, has in quantitative experiments to be dried and 
weighed ; its further treatment for this purpose depends on 
whether or not it may be ignited. If its nature be such that 
it will not bear a high temperature without decomposition, 
which is the case with all organic substances, the filter must 
have been previously dried at the same temperature to which 
it is subsequently to be submitted with the precipitate, and 
in that state carefully weighed. As filtering-paper is a very 
hygroscopic substance, the filter must be weighed in a closed 
vessel (a platinum crucible, with an accurately fitting cover, 
may be used for the purpose) ; it must be introduced while 
hot, and it is advisable to allow the whole to cool over a 
vessel of sulphuric acid underneath a bell jar. The weight of 
the filter and crucible being noted, the precipitate is collected, 
and, the rinsing-water having been allowed to run off as 
much as possible, it is removed from the funnel, and placed 
upon two or three folds of bibulous paper, or, which is better, 
on a warm tUe or brick, by which a great deal of the adher- 
ing water is removed ; it is subsequently dried in the crucible 
until it ceases to lose weight, and by simply subtracting the 
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honesty, not only in recording results, but in experimenting, 
and in interpreting the phenomena which present themselves 
in the course of an investigation. 

8. The determination of the constituent parts of a compound 
body is termed its Analysis ; and this may be either of two 
kinds, according to the object which the operator has in view. 
If he merely seek a knowledge of the general nature of the 
substance, he is satisfied, when by the application of certain 
tests, and by the performance of certain operations, he has 
obtained evidence of the presence of those elements of which 
the compound is made up, and the analysis he performs is 
called Qitalitative; but if he desire to appeal to the balance, 
and to ascertain not only the nature, but the actual amount of 
the elements present, he must shape his analysis in such a 
manner as to separate the constituents of the compound com- 
pletely from each other, and obtain them either pure or in 
some other well-known form of combination : he then performs 
a Quantitative analysis. For example, if on the addition of a 
few drops of solution of ferrocyanide of potassium to a clear 
liquid a blue precipitate be obtained, the operator is at once 
satisfied of the presence of iron ; and if he is working qualita' 
Hvely only, this experiment is with regard to that particular 
element conclusive, it requires no additional confirmation ; but 
if he desire to estimate the exact amount of iron present, he 
must conduct his analysis in such a manner as to separate 
every particle of the metal in the state of sesquioxide, in which 
state it is weighed, and the amount of metal deduced by calcu- 
lation. Now, before the chemist can proceed to estimate the 
proportions of the constituents of a compound body, he must 
know exactly how many elements are present, and what those 
elements are. The Qualitative analysis always, therefore, pre- 
cedes the Quantitative ; and it will be necessary to separate the 
two courses of study, and to treat each individually. 

QUALITATIVE ANALYSIS—OPERATIONS TO BE PERFORMED 

AND APPARATUS REQUIRED. 

SOLTJTIOir. 

4. To prepare a substance for the exertion of chemical 
action, and to suit it for the reception of the various tests and 
reagents to which we may wish to submit it, recourse is always, 
if possible, had to solution. Kow solution is of two kinds, 
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being effected either by fluids which exert no chemical action 
on the body dissolred, as when sugar is dissolved in water, or 
camphor in spirits of wine; or by fluids which do exert a 
chemical action on the substance, as when chalk is dissolved in 
vinegar, or iron in dilute sulphuric acid, "Whenever it is prac- 
ticable, the substance under examination is dissolved in water ; 
but, if that menstruum should fail, recourse is had to other 
fluids, the selection of which requires care and judgment. 

5. A compound may be made up of constituents, some of 
which are soluble in water, and some insoluble. In order to 
ascertain this point, a small quantity of the substance, brought 
into a fine state of division by pulverization, is introduced into 
a test tube covered with distilled water and submitted to heat ; 
the liquid is filtered, while hot, into a small platinum or porce- 
lain capsule, and evaporated carefully and slowly ; if a residue 
remain, it of course indicates that a substance soluble in water 
existed in the compound. Should there be reason to suspect 
the presence of a volatile body soluble in water, heat should 
not be applied in the first instance, but the substance under ex- 
amination repeatedly agitated with cold distilled water, and the 
clear solution allowed to evaporate spontaneously. Bodies, how- 
ever, capable of assuming the gaseous state by the heat of boil- 
ing water, may in most cases be recognized by their odour, or by 
the application of certain tests which will hereafter be described. 

6. Alcohol, ether, pyroxylic spirit, and certain oils, are 
occasionally successfully employed to dissolve substances on 
which water has no action ; sometimes also a mixture of alcohol 
and water is found very useful. For example, if the object be 
to separate sulphate of lime (gypsum) from chloride of sodium 
(common salt), this cannot be effected by water alone, sulphate 
of lime being partially soluble in that fluid ; but by employing 
a mixture of one part of alcohol and two or three parts of 
water the two substances are easily separated, sulphate of lime 
being insoluble in diluted spirit. Acids, again, sometimes act 
as mere solvents, and may be conveniently employed as such ; 
thus oxalate of lime dissolves in hydrochloric acid without de- 
composition, as does also phosphate of lime, and both of these 
salts may be obtained again from their acid solution, unaltered 
by supersaturation with ammonia. 

7. The apparatus required for the purpose of solution is in 
general very simple. For qualitative experiments there is 
nothing so convenient as the Test Tube. It should be made 
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honesty, not only in recording results, but in experimenting, 
and in interpreting the phenomena which present themselves 
in the course of an investigation. 

3. The determination of the constituent parts of a compound 
body is termed its Analysis ; and this may be either of two 
kinas, according to the object which the operator has in view. 
If he merely seek a knowledge of the general nature of the 
substance, he is satisfied, when by the application of certain 
tests, and by the performance of certain operations, he has 
obtained evidence of the presence of those elements of which 
the compound is made up, and the analysis he performs is 
called Qualitatwe; but if he desire to appeal to the balance, 
and to ascertain not only the nature, but the actual amount of 
the elements present, he must shape his analysis in such a 
manner as to separate the constituents of the compound com- 
pletely from each other, and obtain them either pure or in 
some other well-known form of combination : he then performs 
a Quantitative analysis. For example, if on the addition of a 
few drops of solution of ferrocyanide of potassium to a clear 
liquid a blue precipitate be obtained, the operator is at once 
satisfied of the presence of iron ; and if he is working qualita- 
tively only, this experiment is with regard to that particular 
element conclusive, it requires no additional confirmation ; but 
if he desire to estimate the exact amount of iron present, he 
must conduct his analysis in such a manner as to separate 
every particle of the metal in the state of sesquioxide, in which 
state it is weighed, and the amount of metal deduced by calcu- 
lation. Now, before the chemist can proceed to estimate the 
proportions of the constituents of a compound body, he must 
know exactly how many elements are present, and what those 
elements are. The Qualitative analysis always, therefore, pre- 
cedes the Quantitative ; and it wiU be necessary to separate the 
two courses of study, and to treat each individually. 

QUALITATIVE ANALYSIS— OPERATIONS TO BE PERFORMED 

AND APPARATUS REQUIRED. 

SOLUTION. 

4. To prepare a substance for the exertion of chemical 
action, and to suit it for the reception of the various tests and 
reagents to which we may wish to submit it, recourse is always, 
if possible, had to solution. Now solution is of two kinds, 
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being effected either by fluids which exert no chemical action 
on the body dissolved, as when sugar is dissolved in water, or 
camphor in spirits of wine ; or by fluids which do exert a 
chemical action on the substance, as when chalk is dissolved in 
vinegar, or iron in dilute sulphuric acid, "Whenever it is prac- 
ticable, the substance under examination is dissolved in water ; 
but, if that menstruum should fail, recourse is had to other 
fluids, the selection of which requires care and judgment. 

5. A compound may be made up of constituents, some of 
which are soluble in water, and some insoluble. In order to 
ascertain this point, a small quantity of the substance, brought 
into a flne state of division by pulverization, is introduced into 
a test tube covered with distilled water and submitted to heat ; 
the liquid is filtered, while hot, into a small platinum or porce- 
lain capsule, and evaporated carefully and slowly ; if a residue 
remain, it of course indicates that a substance soluble in water 
existed in the compound. Should there be reason to suspect 
the presence of a volatile body soluble in water, heat should 
not be applied in the first instance, but the substance under ex- 
amination repeatedly agitated with cold distilled water, and the 
clear solution allowed to evaporate spontaneously. Bodies, how- 
ever, capable of assuming the gaseous state by the heat of boil- 
ing water, may in most cases be recognized by their odour, or by 
the application of certain tests which will hereafter be described. 

6. Alcohol, ether, pyroxylic spirit, and certain oils, are 
occasionally successfully employed to dissolve substances on 
which water has no action ; sometimes also a mixture of alcohol 
and water is found very useful. For example, if the object be 
to separate sulphate of lime (gypsum) from chloride of sodium 
(common salt), this cannot be effected by water alone, sulphate 
of lime being partially soluble in that fluid ; but by employing 
a mixture of one part of alcohol and two or three parts of 
water the two substances are easily separated, sulphate of lime 
being insoluble in diluted spirit. Acids, again, sometimes act 
as mere solvents, and may be conveniently employed as such ; 
thus oxalate of lime dissolves in hydrochloric acid without de- 
composition, as does also phosphate of lime, and both of these 
salts may be obtained again from their acid solution, unaltered 
by supersaturation with ammonia. 

7. The apparatus required for the purpose of solution is in 
general very simple. For qualitative experiments there is 
nothing so convenient as the Test Tube. It should be made 
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Then the water boils it is driven off in steam st the rate of 
more than a gallon of water per hour. The method ia con- 
sequentlj applicable to distillation on a sm&U scale, and to 
numerous operations in pharmacy. 

Arrangement for heating to EednM» a large Fire-cliy 
Orvcihle. — When a large crucible is to be heated to redness, — 
as, for example, when oxide of copper is to be dried for nse 
in an organic analysis, — the gas-burner is to be need without 

^ ._ j^ the fire-box, d. Fig. 5, and is to 

1^^' he arranged with the Aimace 

fittings that are represented 
in perspective by Fig. 9, and in 
section by the lower part of 
Fig. 12, a, h, e, d. Letter a re- 
presents the gas-burner, Fig. S ; 
I is a tall iron stool ; e, a chim- 
ney which collects atmospheric 
air to feed the flame, and leads 
it up close to the vertical tube 
b, by which contrivance the air 
Ib wanned and the tube cooled ; 
d IB a fumace^ole or plate of 
fire-clay ; / is a reverberatoiy 
dome, the interior of which is 
best shown in the section. Fig. 
10; « is a cast-iron ring or 
trivet, represented more clearly 
in Fig. 11 ; 9 is an iron chimney, 
24 inches long, and 3^ inches 
wide; and A, a damper, to lessen 
the draught when smalt cruci- 
bles are to be heated. The 
height of this apparatus, from 
. a to the top of 7, is 24 inches ; 
and the external diameter of the 
dome/ is about 8 inches. The 
Fig. 9. crucible, which may be from ii 

to a inches in height, ia placed on the iron ring e, and that 
on the clay sole d, and it is then covered by the dome/. The 
gas should be lighted after the crucible is placed in its position, 
and before the dome is put on. The dome and chimney are 
then to be ad^d, and the operation allowed to proceed. With 
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s crucible of the above eize, the damper k ie not required ; but 
it muat be used when the crucible is under 4 inches in height, 
otherwise the draught occasioned by extra space within the . 
dome CBUsea the flame to blow down. The damper must be 
put on the chimney before the chimney is put on the dome. 



Fig. 10. 
The iron ring, Fig. 11, or e, Fig. 10, suits crucibles of dif- 
ferent sizes, according to the side of it which is turned 
uppermost. 

The figures show that a crucible mounted in this iumace can 
lose very little heat by radiation or conduction, and hence it 
is that a small gas-flame produces a powerful effect. In half 
an hour a 4^-inch clay crucible, filled and covered, can be 
heated to full redness. Tbe progress of the ignition can be 
easily examined by lifting up the chimney g and the domey by 
their respective wooden handles. But the action of the funiace 
can also be judged of by a peculiar roaring noise which it 
produces. If the gas and air are mixed in duo proportions, 
the roar is regular and continuous. K there is too much gas, 
the roar is lessened. If too much air, the roar is increased, 
but is rendered irregular and intermittent. The greater the 
noise, the greater the heat in the furnace ; but when the roar 
becomes spasmodic, tbe flame is on the point of blowing down. 
To prevent that occurrence, the proportion of air must be 
lessened or that of gas increased. 

Arrangement for healing Platinum Crvdbles, at in the 
FttHon of Silicatet tuith Carbonate of Soda. — The follow- 
ing arrangement is convenient when small crucibles are 
to be strongly heated: — ^Anhydrous carbonate of soda in 

FABT I. 
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quantities exceeding 1000 grains can be thne readily fiued, 
and small quantitieB of aterling silver can be melted in a day 
. CTDcible. It is also available for ig:nitioD8 or fiisions in small 
porcelain emcibles. Fig. 12 represents the anan^ment of 
apparatus as seen in section, a is 
toe gas-burner ; h, the stool ; e, the 
air-chimnej; and d, the furnace 
sole, as already explained, t is a 
cylinder of fire-clay, 4 inches high 
and 4} inches diameter j ;t is a 
plumbago or fire-ciay furnace, in 
vhich is placed a small cast-iron 
ring, similar in form to that re- 
presented by Fig. 11, and on this 
ring the platiuum crucible is ad- 
justed ; J 18 a fire-clay or plumbngo 
reverberatory dome ; and ff is the 
chimney that forms part of the 
furnace represented by Fig. 9. The 
crucible being adjusted, the gu 
lighted, and the dome and chimney 
put on, the lapse of twelve or fit- 
teen minutes, according to the qua- 
lity and pressure of the gas, suffices 
for the fusion of 1000 grains of 
carbonate of soda in a platinum 
crucible.* 

It will be noticed in Fig. 12 

that the crucible is placed very 

high above the orifice of the tube 

i a, at which the gas is inflamed. The 

distance is, in fact, about ten inches, 

the point of maximum heat in the 

flame being at nearly that distance 

Fig. 12. from the burner, more or less, 

according to the pressure and the quality of the gas. The gas 

which rises from the burner a, though mixed with aa much air 

as it will bear without becoming explosive when hghted, does 

• If thiB qnantitj of fuaed carbonate of soda be permitted to cool and 
consolidate is a platinum crucible, the gait is Labia to expand and bunt 
the wDcible. 
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not contain sufficient oxygen to bum all the carbon present in 
it. The flame produced is, consequently, quite saperncial. The 
gaseous mixture only bums on toe surface where it is in con- 
tact with fresh atmospheric air, and it requires time to take 
up the requisite amount of oxygen. The draught produced by 
the joint action of the two chimneys c and a carries the flame 
rapidly to a great height before the point oi complete combus* 
tion is attained. 

When the highest degree of heat is not required, the re- 
yerberatory dome I may be omitted. It must also be dispensed 
with when the crucible that is to be heated is of comparatively 
large size, because it is then liable to lower the temperature of 
the furnace by impeding the draught. 

The effects that have been ascribed to the various arrange- 
ments of this gas-furnace can be produced with gas supplied 
by a pipe of a {-inch bore, and at a moderate pressure giving 
from 30 to 40 cubic feet per hour. 

The principles of heating by gas, which have led Mr. 
G-riffin to the construction of this furnace, may be summed 
up as follows : — When a crucible or other solid body is to be 
heated, it is to be wrapped in a single flame at the point of 
maximum heat, and loss of heat by radiation and conduction 
is to be prevented by the interposition of non-conducting 
materials (plumbago or fire-clay) ; and when liquids are to be 
boiled or evaporated, particularly when they are contained in 
vessels of £;lass or porcelain, the flame is to be broken up into 
numerous horizontal jets, and these are to be made to supply 
a large and regular current of highly-heated air, by which alone, 
and not by the direct application of the flame, the vessel that 
contains the liquid is to be heated. In both cases provision 
must be made to secure a sufficient draught of air through the 
furnace, because every cubic foot of gas requires for combustion 
10 or 12 feet of cubic air, and the gases which have done their 
duty must be rapidly carried away from the focus of heat. If 
the steam, the carbonic acid gas, and the free nitrogen, which 
constitute the used-up gases, are not promptly expelled, fresh 
gaseous mixture, in tne act of producing additional heat by 
combustion, cannot get near the object that is to be heated, and 
the heat so produced out of place is wasted. 

15. Normandy^ 8 Q-aa Bloiopipe Furnace* — This is shown in 

* Normandy's Chemical Atlas^ p. -nil. 
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Fig. IS. It conBists of a wire-gauze cylinder partly cased in ebeet- 
iron, in communication at the lower part with the atmospheric 
air, closed at tbe upper part hj a diaphragm of wire gauze 
of about 700 openings to the square inch, and proTided with a 
short, slightly conictu cover, perforated in the centre. A blow- 



Fig. 13. 
pipe jet, placed outside the cylinder, traverseB the diaphragm, 
and opens on a level with tbe aperture of the cover ; a blast of 
air is sent into the centre of the flame by meana of a flexible 
tube of vulcanized caoutchouc from a bellows, as shown in the 
figure, a flame is thus produced of very great intensity, and 
irell adapted to most of the requirements of the laboratoiy. 
16. "Where a supply of gas cannot be obtained, tbe chemist 
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knaat hsve recourse to spirit-lampa or fumacee for the igni- 
tioa of hia crucibles. A useful form of Berzeliaa's spirit- 
lamp is shown in Fig. 11 ; the reservoir containing the spirit 




Fig. 14. 
being at a distance from the burner, it escapes being heated 
during long operations. Fig. 15 represents a lamp of Uussian 
invention, By which a powerful heat may be obtained in a few 
minutes. It consists of 
a strong double brass 
cylinder or box j the dot- 
ted lines in the figure 

show the arrangement of ^^ 

the interior; a piece of 
tube termittSiting in a jet i 
passes jrom the exterior 
to the interior chamber, 
rising nearly to the top 
of the former ; the fuel 
(spirit) is supplied 
through the aperture, b, 
which should be closed 
with a good cork, and Fig. IS. 

never with a brass cap, with which the instrument is sometimefl 



QUALITATIVE ANALYSIS. 

sold. To give the lamp its maximum charge, the spirit should be 
poured in until it begins to flow out from the jet ; a sufficient 
quantity should then be poured into the inner chamber, to reach 
within half an inch of the apex of the jet. The principle of 
the lamp will now become obvious. On inflaming the spirit in 
the inner chamber, that in the outer chamber gets heated and 
soon boils ; the pressure of the vapour forces the boiling spirit 
through the jet in a powerful stream, which of course becomes 
immediately ignited, and thus acts as a powerful blowpipe; 
and so great is the heat produced, that a platinum crucible, 
placed in the position shown in the figure, speedily becomes 
Ignited to whiteness. A platinum triangle must be used to 
support the crucible, as an iron one would speedily become 
destroyed. A lamp on this construction, about 3^ inches in 
height, and 8^ inches in diameter, will burn with a charge of 
4 oz. of spirit for thirty minutes, which is long enough for all 
ordinary fluxions with carbonate of soda ; it fremiently, there* 
fore, saves the necessity of lighting a furnace, in using this 
lamp certain precautions must be used before giving it a charge 
of fuel. The operator must assure himself that the jet or pipe 
is not choked up by blowing through it ; the cork at h should 
not be put in too tight, in order that it may be the part of 
least resistance should a stoppage occur during an operation ; 
and lastly-, the cork should be turned from the operator during 
an expenment, to secure him from accident should it get blown 
out by a stoppage. 

Besides these different forms of lamp, the common twisted 
cotton-wick spirit-lamp is a very useful instrument ; a very 
considerable decree of heat may be obtained from it ; and small 
platinum crucibles may be heated to redness in its flame. The 
Keating power of all these lamps is greatly increased by enclos- 
ing the crucible in a jacket of iron plate, as represented in Fig. 
14. Professor Sainte-Claire Deville has contrived a lamp, in 
which the combustion of spirit of turpentine is effected with the 
assistance of a blast of atmospheric air, and the result is the 
production of a high degree of heat. (See Griffin's ^ Chemical 
llecreations,* pp. 582-8.) 

17. Iktmaees. — The varieties of furnaces that have been con- 
trived by difierent chemists for particular and for general pur- 
poses are almost innumerable, and it would require an entire 
treatise to descant on their several uses and comparative merits. 
In the well-appointed laboratory, the wind, blast, and reverbera- 
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toiy AimaceB will of. ooune find their proper plftcee ; but, as it 
is no part of our object in tbia treatise to give a minute de- 
scription of the apparatus required in a large chemical esta- 
blishment, we shall merely notice one or two of the fomacet 
which seem best adapted to small private laboratories, and for 
the nse of students in analytical chemistry. 

A very useful furnace may be made out of a black-lead or 
"blue" pot; one of those vessels, about a foot in height and 
seven or eight inches in width at the top, will make a furnace 
quite large enough for the ignition of small crucibles, and for 
operations on the small scale. It should have a series of roond 
holes pierced in it at equal distances apart round the side for 
the admission of air, and it should be tightly bound round with 
stout iron or copper wire to strengthen and hold it together 
when it cracks. A small coat-iron grate resting between the 
bottom and the second tier of holes, and a moveable hood or 
chimney, complete the apparatus. "There is no di£Bcu%," 
says Faraday, " in raising a cmdble two inches and a half in 
diameter to a white heat by a furnace of this kind; and that, 
in any situation which mav be convenient upon the table or the 
floor, and with all the aavantages of arranging or dismount- 
ing the apparatus with extreme facility." One of the greatest 
recommendations of this furnace is its extreme cheapness, 
the entire cost not exceeding a few abil- 
lings. Minute directions for constructing it 
and wrangingit for different operations will 
be fonnd in Faraday's 'Chemical Manipula- 
tion.' 

Kg. 16 represents Mr. Aikin's portable ( 
blast furnace. Like the one last described, 
it is made generally out of black-lead pots, 
three being used for the purpose. The lower 
part of the first one serves as.a resting-place 
for the body of the furnace; it has a hole 
drilled through it, by which air is supplied 
from a bellows to the body of the furnace, 
which is another crucible placed above the 
lower one, in which several boles are drilled 
to admit air ; over the second cruoible a third 
is inverted, with a laige bole cut in the side ^- ^^■ 

for the escape of smoke and gaseous matters. Cast-iron may 
be melted in this furnace, and moderate-sieed cruoiblea 
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;ht to a full red-heat in a fev minutes. The fuel naed 



JFig. 17 is known as Black't lumace, and is, perhaps, on the 
whole the most oonTenient where a stationaiy furnace is re- 
quired. It consists of a caae 
of strong sheet-iron ]ined with 
refractory clay, the grate ia 
fixed to the iron plate which 
supports the tube, and forma 
the top of the ash-pit, which is 
provided with a sliding door for 
the admission of air; there are 
various apertures in the front 
and sides of the furnace for the 
admission of tubes, crucibles, 
etc. The fuel used is coke. 

IS. Onieible*. — By this uame 

are designated those vessels in 

which substances are subjected 

to high temperatures. They 

F. vary considerably in material as 

: weU as in shape. Those most 

^ commonly employed in the la-' 

I boratory are the following:— 

' The Hettian eriimhle,to which 

preference will almost always be 

given where earthen vessels are 

required. They are triangular 

^' 17- in shape, and will resist a high 

temperature, as well as the action of fluxes. They are not 

provided with covers, and are sold in nests of five or six, at a 

very moderate price. 

The Comiih crueible. — They are generally round, and are 
provided with covers. In power of resisting high temperatures, 
and the action of flaxes, they nearly equal the Hessian, from 
which they are distinguished by their colour being white. 

The Blvepot.or Black-lead Ontcible. — These vessels are made 
of a mixture of black-lead and clay, and are generally of a lai^ 
size, being principally used in the arts. They bear a very high 
temperature, and withstand the action of fluxes. 

I>ucibles made of Berlin ware, biaemt porcelain, and JUinuen 
Kore, are also much used. They are made very thin, and will 
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stand a hii^h temperature; the most convenient shapes are 
shown in Figs. 18 and 19. Besides these, a crucible and coyer 
of platinum is indispensable to the analytical chemist. This 
▼aluable yessel should be used with care ; it should never be 
exposed unprotected to ^ 

the fuel of a furnace. In #» (^^^^^ 

almost every case a su£S- ^rI3I^^ ifflfl^l 

cient heat for all analytical % i^i^V -' I'l'' 'll^Lrr-' 

operations maybe obtained li, , '>^ij^M^^^3'^ |BP' 

by gas, but when a very -^—M^mfft^^^^^^^^^S^ 
high temperature is re- 5— . -^1^-^-=— 

quired, and it is found ^^- 1^. Fig. 19. 

necessary to resort to the furnace, the platinum crucible should 
be inserted into a Cornish one, the intervening space being 
filled up with lime. A pure silver crucible may in many cases 
be substituted for ond of platinum ; but it must be borne in 
mind that silver is far more fusible than platinum. Fusible 
metals, or compounds of metals likely to be reduced, must never 
be heated in vessels of silver or platinum, as the alloys formed 
greatly injure them : all compounds containing lead must also 
be particularly avoided. Our limits do not allow of our enter- 
ing into the details of furnace operations. The student will 
find the subject fully treated in Faraday's valiuible work on 
^ Chemical Manipulation.' 

THE BLOWPIPE, 

19. For submitting small substances to high temperatures,, 
and for obtaining a knowledge of the materials of which they 
are composed, the blowpipe is an invaluable instrument, and 
one with the use of which the chemical student should spare, 
no pains to make himself thoroughly acquainted. 

The blowpipe, though the forms which it has received are 
very numerous, is essentially a tube terminated by a small^ 
round, smooth aperture, through which a current of air can be 
propelled by the mouth against the side of a flame. A minia- 
ture blast-furnace is thus set in action ; and not only may an 
intense white heat be produced and directed against the subject 
of experiment, but several distinct operations may be performed 
on it, as will presently be shown. 

The most simple form of blovrpipe is a conical tube of 
japanned tin-plate or brass, about seven inches long, bent 
nearly at a right angle, about two inches from the narrow end; 
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but as, during tbe c^eration of blowing from tbe mouth, 
aqueous vapour condenses, and is driven through the jet with 
tiie stream of air, various contrivances have been devised for 
retaining the water* 

Dr, Black's blowpipe, which is the cheapest, and, on the 
whole, perhaps the most useful of the numerous forms which 
have beisn given to this instrument, is shown in Fig. 20. It is 

a conical japanned tin-plate tube, two-fifths of 
an inch wide at the broad end, which is closed, 
and one-third of an inch wide at the narrow 
end, which is open. A small brass pipe, 
terminated bj a jet two inches long, and one- 
eighth of an inch in diameter, is adapted to 
the side of the tube near the broad end. The 
moisture from the breath is condensed and 
retained at the closed end, the conical form 
of which serves also, in some degree, to regu* 
late the pressure of the air. 

Tfa« principal point to be attended to in the 
construetion of the blowpipe is the jet, of 
which there should be two, the calibre of the 
one being rather larger than that of the other ; 
the apertuk^ should be perfectly round and 
Fig. 20. smooth, and the channel leading to it conical ; 

and it should be made of platinum, as beine easier kept clean. 
In using the blowpipe, the air is supplied from the mouth, 
and not from the lungs ; and during the blast the commimica- 
tion between these two organs is dosed, respiration being 
carried on through the nostrils. Tbe desmption of the method 
of blowing through the pipe is far more difficult than its ac- 
quisition. It is necessary, in the first place, to acquire the 
means of keeping the cheeks distended with air, whilst 
respiratioti goes cm in an unimpeded manner through the nose ; 
ana to open and close the communication between the mouth 
and the lungs, and between the lungs and the air at pleasure. 
When this habit is gained, no difficulty is experienced in 
keeping up a strong and continuous atream of air without 
iSfttigue or injury to the health. 

The fiiel for supplying the fiama for the blowpipe mi^ be 
either that of a oanale with a thick wick, or oil, or a solution 
of oil of turpentine in ^idts of wine, or gas. Tbe latter^ 
when it ean be obtaiaed, is the moat convenient ; and Gnffin 
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(see ' Chemical Becreations') recommends that the form of the 
burner should be that of a flat pipe, about 1^ inch wide, and -( 
of an inch broad, cut aslant at an angle of 40^ from the hori- 
zontal. When oil (which should be olire or refined rape) is 
used, the best form of lamp is that used by Berzelius, Fig. 21. 





Kg. 21. 



Fig. 22. 



The Teasel containing the oil, a, is adapted to a vertical sup- 
port, e J, on which it may be adjusted, at any convenient 
height, by the screw, f* The oil-vessel is furnished with two 
apertures, e and &, each of which may be closed by a cap ; the 
fuel is supplied through e, and the wick is introduced through 
the aperture, h. Eig. 22 is the form of blowpipe employed by 
PlaUner. If a candle be employed, it should be snumsd rather 
short, and the wick turned on one side towards the object, so 
that a part of it may lie horizontally ; the stream of air from 
the blowpipe must be blown along the horizontal part as near 
as possible without striking the wick. 

20. Siruetwre of Flame, — To understand the method of ma- 
naging the blowpipe requires the knowledge of the properties of 
the different parts of a flame, which may best be studied in that 
of a steady-lmming candle. Fig. 23 represents such a flame. 
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which will be found, on examinfttioD, to conaiat of four diBtinct 
parte. The htiae,dd, is bright blue ; it is here that oxygen enters 
the flame ; the blue colour, which is produced by the thorough 
combustion of the carbon of the fuel, dieappeara aa the flame elon- 
gates, giving place to a thin, scarcely viaible coating, i b, Chemi- 
cal action is here most intense, and this exterior mantle is the 
hottest part of the flame. In the very centre of the flame, aur- 
roundingthe wick, is a dark, conical spot, a; this is 
the magazine, as it were, of the inflammable gases 
derived from the decomposition of the tallow ; it ia 
abut out from all communication with oxygen, and 
the combustible gases conaa^uently remain un- 
bumed. Surrounding this dark portion is an in- 
tensely luminous envelope, e e. It is here that the 
inflammable compounds of carbon and hydrogen are 
decomposed ; the hydrogen burns into water, but 
the carbon, not meeting with a sufScient supply of 
oxygen to effect ita oxidation, separates in a state 
of intense ignition. A few simple experiments will 
serve to elucidate the above description. 
I The hollow structure of the flame ia proved by 
bringing down upon it a piece of thin glass or wire- 
I gauze, and viewing the section of the flame from 
above. That this hollow is filled with inflammable 
n,. an gascs Is demonstrated by carefully introducing into 
"*' ' its centre a piece of thin glaaa tube one-eighth of 
an inch in diameter, and six or eigiit inches long : the gases 
will escape through this tube, and may be inflamed at its ex- 
terior aperture. That the luminous part of the flame consists 
of intensely ignited charcoal ia ahown by introducing into it a 
cold body, such as a plate, which will become blackened from 
the deposition of carbonaceous matter. That the blue colour at 
the baae of the flame is occasioned by the combustion of some 
form of carbon, ia proved by holding close to it a glass rod, 
fi^m the end of which a drop of lime-water is suspended — the 
clear liquid speedily becomes milky, owing to the formation 
of carbonate of lime ; and, lastly, that the hydrogen of the fuel 
is being converted into water at the exterior envelope ia ren- 
dered evident by holding near it a large bright metallic sur- 
£tce, such as a polished anufier, which speedily becomes be- 
dewed with moisture. Of these four parts of the flame two are 
principaUy coocemed in. blowpipe operations — the blue part 
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and the luminous part ; and these two have totally different 
and indeed opposite functions. From the first is produced 
the oondizing name, and from the second Uie reducmg flame. 
The oondizvng flame may be considered as the blue oval base 
converted into a cone. To produce it, the nozzle of the blowpipe 
is introduced about one-tenth of an inch within the flame, im- 
mediately above the wick, and a gentle and uniform current of 
air kept up from the mouth. The heat is greatest at the extremity 
of this flame ; but to obtain the greatest oxidizing power, the 
subject of experiment should be kept as far from the apex of 
the flame as is consistent with a sumciently elevated tempera- 
ture. A too powerful blast must be avoided, as tending to 
cool the flam^ and to injure the process of oxidation : the aper- 
ture in the nozzle of the blowpipe must not be too small. 

!Fig. 24 shows the form which the flame should assume when 
oxidizing effects are de- 
sired ; the blue dart, a, \ 
is the lower blue exterior 
part of the flame in its 
natural state, now con- 
centrated in the interior. 
The reducmg fl,ame is 
more difficult to obtain ; 
the jet of the blowpipe 
must not be introduced 
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Fig. 24. 

into the flame, but kepfc just on its edge, and the stream of 
air, thrown higher over the wick than in the oxidizing flame, 
the whole of the luminous 
portion thus becomes de- 
flected, and appears as a 
long narrow cylinder sur- 
rounded by a feeble lumi- 
nous mantle. It is in the lu- 
minous portion, consisting 
of partially consumed com- 
bustible matter, strongly 
disposed to combine with 
oxygen, that reductions 
are effected, and the assay must be entirely surrounded with 
it. Fig. 25 may serve to convey some idea of the general ap- 
pearance of the reducing flame. If a lamp or candle be used 
as fuel, attention must be paid to the condition of the wick, 




Fig. 25. 
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which must be of moderate length, and very evenly and smoothlj 
cut. The orifice in the jet of the blowpipe should be smaller 
than when oxidation is the object, the blast must be moderately 
strong and uninterrupted. For the purpose of acquiring practice, 
the student should fuse a minute quantity of oxide offiumgii- 
nese with borax, upon a platinum wire in the oxidizing flame, 
when a violet-red glass will be obtained ; by submitting this 
glass to the reduction flame it will become colourless, or nearly 
so, according as the flame has been made more or less perfect. 
Or a piece of tin may be fused upon charcoal, and kept in that 
state for a considerable time, while it presents the appearance 
of a bright metal on the surface : this will require dexterity in 
the operator ; for if the oxidation flame should chance to touch 
the bright metal only for a moment, it becomes coated with an 
infusible oxide. 

21. Blowpipe supports. — Objects are supported before theblow-* 
pipe either on charcoal or on platinum. When the subject of 
experiment has to be heated with free access of air, in order to 
see whether any volatile matters are given ofl*, the operation is 
conducted in a glass tube open at both ends. The best charcoal 
for blowpipe operations is made from the wood of pine, willow, 
or alder ; it should be well burned and free from bark. Griffin 
recommends that a supply of capsules of charcoal should be 
kept ready for use ; he directs them to be made thus : — ^Take 
sticks of an inch in diameter, or, if the charcoal be in thick 
masses, cut it into sticks an inch square with a fine saw. 
Next, cut these sticks crosswise into flat pieces one-third of 
an inch thick, and make in each plate a cavity one-tenth of 
an inch deep, and one-fourth of an inch wide, to serve as a 
species of capsule to hold the substance to be heated. These 
capsules are held in the fire by a narrow and thin strip of 
tin plate. 

As there is some difficulty in procuring unexceptionable 
charcoal for blowpipe experiments, Mr. Griffin has described 
and recommended (* Chemical Becreations ') the following 
simple methods of preparing supports for fusions as well as 
for operations of reduction : — ^Into a smaU boxwood mould 
there is first pressed a plastic mass made of fine pipe-clay 
and charcoal powder mixed in equal parts, by weight, with as 
much water slightly thickened with rice-paste as is sufficient 
to form a stifl" plastic mass. This forms a conical cup or 
crucible. On tnis is firmly pressed, by means of a suitable 
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boxwood pestle, a round ball of either of the combustible 
compositions described underneath; the whole forms a small 
cylinder half an inch high, and half an inch in diameter at the 
top, and about two-fifths of an inch at the bottom : it weighs 
about 16 grains, consisting of 10 grains of clay, and 6 grains 
of combustible matter. The little cylinder is easily removed 
from the mould by means of the pestle, which, as well as the 
inside of the mould itself, should be oiled. 

The combustible portion of the support for Jwions is made of 
Charcoal in fine powder ... 12 parts 

Eice-flour ^ „ 

Water, about 8 „ 

The rice is boiled with water to form a paste, with which the 
charcoal is afterwards mixed, into a mass of the consistence of 
dough. 
The upper part of the support for reductions is made of 
Charcoal in fine powder ... 9 parts. 
Carbonate of soda, crystallized 2 „ 

Borax crystallized 1 99 

Bice-flour i „ 

Water, about ........ 8 „ 

The water is boiled, the soda and borax are dissolyed in it, and 
the rice is then added to form a paste, with which the charcoal 
is finally incorporated, and the whole well kneaded into a stiff 
mass. 

In using the support for fusions, it is heated before the 
blowpipe till it is red-hot, and on removing it irom the flame 
it continues to glow like a pastile, and would consume entirely 
away down to the clay mixture. A quantity of microcosmic 
salt is now added, which immediately melts into a small cavity 
bored in the centre of the support, forming a bead, which is 
heated in the blowpipe flame till it becomes transparent and 
colourless. It is now removed from the flame, and placed on a 
Berlin capsule ; the subject of experiment is added, and, as in 
consequence of the glowing state of the support the flux re- 
mains in a pasty condition, the added substance is immediately 
absorbed. It is again fused before the blowpipe, and on re- 
moving it the pastile burns gradually away, leaving the bead on 
the clay support, where it may be conveniently examined. 

In using the support for reductions it is first heated before 
the blowpipe : as the charcoal consumes, the flaxes fuse and 
become concentrated on the surface ; and on heating a reducible 
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metallic compound upon it, it b6comes immediately exposed to 
a powerful reducing action. 

These forms of support bave certainly the merit of great 
portability, and are, therefore, well adapted to the trayelline 
mineralogist. The whole of the apparatus may be purchased 
of Mr, Oriffin, of Btmhill Bow, for a few shillings. Bice is 
chosen as being a strong, cheap, and convenient agglutinant 
melting and binding the charcoal powder well together, and 
yielding itself, by its decomposition, a charcoal of difficult in^ 
cineration. The supports are held before the blowpipe on a 
ring of iron wire thrust through a cork. 

"When charcoal is employed, for nearly all ordinary operations, 
the cavities may be bored in it by means of a simple conical 
tube of tin plate, the edges of which are sharpened by a file ; 
the diameter of the small end may be one-fourth of an inch, 
that of the large one, one-half. A very ingenious charcoal 
furnace for quantitative blowpipe operations will be found de- 
scribed, though not. so clearly as could be desired, in the valu- 
able manual of Flattner. 

Charcoal is employed as a support when the subject of ex- 
periment has to be reduced ; but when the object is to ascertain 
what coloured bead it produces when fused with borax or 
microcosmic salt, a platinum wire curved at one end may be 
advantageously employed. It should be about two inches long, 
and it may be fixed in a hilt, the handle of which is hoUow, 
serving as a reservoir for extra wires. In using these wires 
the hook is moistened in the mouth, and then dipped into the 
pounded fused borax, which is melted in the flame into a clear 
bead ; when cool it is again moistened, a minute quantity of 
the substance to be examined caused to adhere to it, and both 
fused together. 

22. It is frequently required to heat the substance with 
nitre or bisulphate of potash ; this is done in the small platinum 
spoon, Fig. 26, of which it is convenient to have two sizes — one 

^^^^ about nine- sixteenths 

^ •^sBsssssmmmmmmmm^gm^ of an inch in diameter, 

--. for melting substances 

^"^^ ^^' with bisulphate of po- 

tassa; and the other about three-eighths of an inch in diameter, 

for fusing substances with nitre. Stains on these spoons are 

best removed by rubbing them with charcoal powder. In order 

to try the fusibility of a specimen, it is held in the flame by 
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meana of the platiaura forceps, lig. 27. The following simple 
method of prepariag snutU thia clay baaiiu for roastiag ores 



Pig. 27. 
and for the reduction of lead and tin oxides contained in 
calcined and uncalcined minerals, etc., ia given bj Flattner. A 
fine proof-clay is kneaded into a stiff paste 
with water, and having rubbed the suriacea 
of the boxwood press. Fig. 28, with oil, a 
dip of paper three inches in length and one- 
fourth of an inch in breadth is placed on the 
middle of the concavity of tlie press, which 
is seven-eigbths of an inch wide and five-six- 
teenths of an inch deep, and upon this a small 
clay-ball about half on inch in diameter; the 
upper surface of the press is then stamped 
horizonta% on the clay mass as far as is re- 
quired, ikia being done, the superfluous clay 
will have exuded, and the handle or upper 

{art of the apparatus can be removed easUy 
y careful turning; with a small knife the 
clay which is driven oat may be cut away, and it 
seen whether the basin is sufficiently thin 
and uniform ; if bo, the shp of paper is gen- 
tly pulled and the dish extracted. After 
a few hours' drying, the paper detaches 
itself from the little clay dish, which is 
then heated to redness in a platinum 
crucible. These basins should not exceed 
one thirty-second of au inch in thick- 
ness, and the proper consiatence of the 
clay is soon ascertained: if the edges of 
two of these little vessels be ground with 
a file, one may serve as a cover to the 
other. 

The steel mortar, Fig. 29, is an apparatus 
of great use to the blowpipe and mineral 
ftufdyst. It consists of three separate parts: 
the lower portion is a shallow dish of steel 
into which a massive hollow hemispherical 

FAST I. 



Fig. 28. 
Jan then be 
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ejlinieTf also of steel, is accnratelj fitted hj grindiiig; tlie 
vpp^ portion is a solid cylinder of the same metal, which, 
exactly fills np the hollow cylinder. When a mineral has to 
be crashed, it is introduced into the bed of the mortar, the 
solid cylinder is then replaced and struck forcibly seyeral times 
with a mallet, by which it is. reduced to a coarse powder, and 
may afterwards be brooght to an impalpable state by grinding 
in the agate mortar. 

BTAPORATIOK. 

23. Evaporation is an operation to which the chemist is con* 
stantly resorting; he has recourse to it for concentrating 
liquids preyious to the application of certain tests ; for separa- 
ting TOJatile fluids from fixed substances ; for inducing crystal- 
lization ; or for obtaining in a solid form substances held in 
solution by water or other liquids. When the object is to 
retain the fluid eraporated, as well as the residue, the pro- 
cess is called distillation. The ordinary operation of evapora- 
tion is conducted in basins of earthenware, silver, or platinum: 
watch-glasses also occasionally form very useful vessels. The 
earthenware basins should be as thin as is consistent with 
strength, and should resist the action of acids and alkalies in 
solution ; the silver and platinum vessels should be provided 
with a projecting slip of metal to serve as a handle, whereby 
they may be held by a pair of pincers. In ordinary cases, the 
object sought by evaporation is attained by exposing the fluid 
to heat ; sometimes, however, it ia effected by leaving it for a 
certain time in contact with the atmosphere at common tem- 
peratures, or in confined air kept dry by hygroscopic substances. 
In quantitative experiments the evaporating substance should 
never be allowed to enter into actual ebullition, as a loss would 
almost unavoidably be sustained by bubbling. It is frequently 
advisable, therefore, to apply heat through the medium of the 
water bath, which may be a copper basin about six inches in 
diameter and three inches deep, provided with a series of rings 
of different diameters to suit disnes of different sizes. While 
a liquid is evaporating, it is requisite carefully to protect it 
from dirt and dust : this is best done in the manner recom- 
mended by Fresenius, viz. by providing two small, thin, wooden 
hoops, one of which must be made to fit loosely in the other; 
a sheet of blotting-paper is spread over the smaller, and the 
larger pushed over it : an excellent cover is thus formed, which. 
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while it effectuallj guards the liquid, does not come into eon- 
tact with it, and does not in the least impede or retard the 
process of evaporation. Sometimes it is necessary to evaporate 
fluids from solid substances contained in crucibles: in such 
eases the crucible should be supported in an inclined position, 
and the heat applied a little above the level of the liquid : an 
equal distribution of heat is thereby secured, and the loss of a 
portion of the sediment bj spirting avoided. The same 
method may be adopted in the evaporation of solutions of those 
salts which have a tendency to effloresce and creep up the sides 
of the evaporating vessel : in the latter case the object may be 
also attained by slightly greasing the upper part of the sides 
of the dish. Very frequently in the course of an analysis 
large quantities of filtrates have to be evaporated down to 
perfect dryness : in such cases the fluids are first concentrated 
by evaporation over the naked fire, and afterwards transferred 
into smaller vessels, to be finished in the water or sand bath. 
The process of transferring liquid from one basin to another, so 
as to avoid the smallest loss, requires care and a steady hand ; the 
edge of the large dish should be slightly smeared with tallow, 
and the liquid poured down an inclined rod, as recommended 
above when treating of filtration. The evaporation of a mineral 
water from which carbonic acid or other gases are expelled by 
heat, should alwavs be commenced in a flask loosely covered 
with a piece of bibulous paper. 

As the evaporation of a fluid in which a considerable sedi- 
ment is formed draws to a conclusion, the thick mixture re- 
quires to be treated with great care ; for, the circulation of the 
heat being now interrupted, the temperature frequently in- 
creases at the bottom of the vessel until above the boiling-point 
of the solution, and then the sudden evolution of small quan- 
tities of steam occasions a projection of portions of the sub- 
stance from the basin. Sometimes, indeed, when the solid 
residue dries hard, it forms a cake on the surface, underneath 
which steam accumulates, and suddenly explodes with a force 
hot merely sufficient to ^perse the contents of the vessel, but 
even to break it in pieces. In these cases, the substance should 
be continually stirred with a glass rod, by which the loss by 
spirting is prevented. 

niSTILLATIOir. 

24. This operation is performed when it is desired to collect 
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the erapontJDg mbatADce. It mnst obrioDalj, tiia^DTe, be 
Gondnetod in an appantns in which ibe miour ma it riata maj 
be refrigerated, and again reduced to a liqnid or aolid atate^ 
and collected in a aepaiate veaeeL When the elaatic fluid or 

Sour aaaumes <hi cooling the atdid atate, the proceaa ia called 
limatum. 

Hie Teaael in which almoat erery laborat<n7 diatiUatitm is 
effected ia the ^Jaas retort ; thoee made of hard grem glaea are 
the moat aemceable, aa they withataod the action of ouiatic 
alkaliea; it is difficult, however, to get tbem stoppered. B^ 
torts made of hard German glaaa are now much uaed in this 
couotrT; their high price, though lately much reduced, ia die 
only objection to be rused againat them. 
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The general process of distillation is represented in Fig. 30. 
The bend of the retort is protected from the cooling influence 
of the air by a thick paper or cardboard cone, with a broad 
notch to admit the neck ; tliia interferes with a ready change of 
air at the top of the retort, and saves much heat which would 
otherwise eacape at that part, from the condensation of the 
Tflpour within. The end of the neck of the retort is connected 
with a long tube, either by means of a cork or occasionally by 
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cement, or loosely, the junction being made tight by strips of 
moistened bladder or sheet caoutchouc, and the end of this 
tube enters the mouth of the vessel into which the distilled 
products are to be received. The receiver is plunged into a 
basin of cold water in which lumps of ice are floating. In 
order to liquefv the vapour rising from the retort as soon as 
possible, several folds of bibulous paper are wrapped round 
the neck, just below the bend ; and lower down, just above the 
point where the neck enters the adapter, a ring of tow is tied, 
the ends of which are caused to hang down four or five inches. 
Cold water is supplied to this paper from a large funnel con- 
taining a filter placed immediately above it in such a position 
that the drops of water shall fall on and spread over the paper, 
which will soon become saturated, and the water will run down 
to the tow, from which it will descend and be caught in a 
vessel placed beneath, and, provided it does not flow in too 
rapid a stream, none will enter the flask. 

In the distillation of many liquids, particularly such as con- 
tain alcohol, the vapour is frequently evolved with such difficulty 
as not only to endanger the sudden expulsion of part of the 
substance, but the safety even of the whole apparatus. A 
tranquil and regular evolution of vapour may always be ob- 
tained by introducing into the retort certain angular solids on 
which the liquid exerts no chemical action, as fragments of 
glass, or, still better, slips of platinum foil ; but care must be 
taken not to introduce these promoters of evaporation while 
the fluid is Jiot^ or the burst of vapour might probably be so 
instantaneous as to do more harm than the previous irregular 
boiling. The same precaution is applicable to the introduction 
of Bohds, of whatever nature, into liquids while boiling or near 
their boiling-points. Sulphuric acid, which is the most difficult 
and dangerous of all substances to distil, may be drawn over 
quietly and regularly by previously dropping into the retort a 
&w pieces of pUitinum foil or wire. 

Yariotts other contrivances have been resorted to for the 
purpose of condensing the vapour in the process of distillation. 
In the common still, this is well known to be accomplished by 
causing the vapours to pass through a long spiral tube, called a 
wormy fixed in a tub, and surrounded by cold water. In cases 
where the products are not easily condensed, Liebig^s con^ 
denser is a very useful and convenient arrangement, and is 
applicable in all cases where an open apparatus is admissible. 
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The condeneer is a hollow metal cylinder, through the centre 
of which B glasa tube passes, being fixed water-tight by means 
of perforated corka covered with cement. This tube is con- 
nected either by a cork or by tubing with the beak of a retort; 
a constant stream of water is caused to flow from the reservoir 

{ilaced above, down the funnel, thus entering the cylinder at its 
ower part. Tbo water, wanned by the condensation of the 
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vapour, flows out through the vertical tuhe underneath the 
upper part of the cylinder: the whole apparatus is thus kept 
constantly cool, and the distillation proceeds in a uniform and 
steady manner. The operation is represented in Fig. 8L 

It is sometimes required to conduct the gaseous products of 
distillation into vesBels containing water or other liquids, aa in 
the preparation of hydrochloric and sulphurous acida, solution 
of ammonia, etc. ; lor such occasions the apparatus of Liebig 
would obviously be unfitted, and the arrangement represented ■ 
in Fig. 82 is best adapted to the purpose. It consiste of & 
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aeries of vessels placed side by side, and connected by tubes in 
Buch a manner tbat the tube ori^naling in one vessel descends 
nearly to the bottom of tbe vessel following it. A simple in- 
spection of the figure will show the direction in which the 
current is supposed to be passing. After having acted on the 
water or solution in the first bottle, it passes through the bent 
tube into the second, and thence into the third. ThejunctionB 
of the tubes with the battles are made in various ways : some- 
times they pass through corks as in the figure, at other timea 



Fig. 32. 

they are made tight by glazier's putty, or linseed paste, or 

iitsster of Paris. To prevent stiffness and rigidity, the tubes 
eading from bottle to bottle may be made of separate pieces 
united together tight by tubes or collars of caoutchouc, This 
arrangement has received tbe name of ' Woulfe's apparatus,' but 
it was first devised by Glauber. The upright tubes iu the 
centre of each bottle are safety tubes, and are intended to 
admit air, when from any cause the pressure within is so far 
diminished as to be considerably less than that of the atmo- 
sphere. 

It is sometimes required to collect for examination the nn- 
condensable elastic fluids evolved during distillation, besides 
the liquid results ; the object in such cases is readily attained 



hx ieodiof the ddfrering'tiibe of tlie iinrd bottle into m cnrra^ 
jnd briagmg; it under the shelf of the hjdro-pneiiiiiatie or the 
mefeorio-fMieiimatie trongh; when the opention Is eoodneted 
on s mw seale, the reeeirer msf be made out of m piece of 
ittbe^bent in die manner represented in Fig. 33; the dirtiDaticm 
is condneted preeisefy in the same manner as with an osdinaij 
retort and reenrer. 

The apparatns reqniied for sublimation maj be tubea^ flasks, 

retorts, capsules^ or cm- 
dbles. When no great 
heat is required, as with 
camphor J naphthalimej iO" 
dine, ete^ thealembic maj 
be used with adrantage. 
Por substances requiring 
a higher temperature, 
^' ^' such as eahmel, eitmabar, 

ete.f Florence flasks, bedded and heated in sand and proyided 
with bent tubes, tightty luted, for couTeying the volatile pro- 
duets into other flasks for condensation, are exceedinglj usefuL 
Manjr substances ma^ be conTenientlj and simplj punfied bj 
placing tbem in a dish or pan, the mouth of which is covered 
with coarse filtering-paper perforated with holes, and orer the 
whole a cap or cone of stiff paper, secured round the rim of 
the pan bj twine or paste ; heat is then applied to the dish, the 
Tolattle substance rises and condenses upon the inner surface 
of the cap, its mechanical impurities being retained bj the 
filtering-paper. 
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CHAPTEE II. 



ON BEAaENTS. 

25. Those substances ^hich are employed by the chemist to 
give him information as to the nature of the subject of his 
examinations, have received the general name of Reagents ; 
though the manner in whiqh they act, and the phenomena to 
which they give rise, are exceedingly varied. These bodies are 
of the highest importance to the analyst ; indeed the judicious 
use of them, and the correct interpretation of the appearances 
presented by their action, constitute the skill of the analytical 
chemist. We shall here describe the preparation and uses of 
the most important of these substances, without, however, 
making any attempt to classify them. 

. The reagents to which we shall direct attention are the fol- 
lowing : — 

16. Carbonate of potassa. 

17. Carbonate of soda. 

18. Ammouia. 

19. Sesquicarbonate of am-^ 
monia. 

20. Chloride of ammonium. 

21. Sulphide of ammonium 
(h^drosulphuret qf am-' 

22. Sulphide of potassium. 

23. Oxalate of ammonia. 

24. Hydrosulphuric acid (iuU 
phuretted hydrogen) . . 

25. Ferrocyanide of potas- 
sium* 

26. rerridcyaiudQQfpotassium 



1. Blue litmus-paper. 

2. Eed litmus-paper. 
. 3. Turmeric paper. 

4. Georgina paper. 

5. Solution of indigo. 

6. Starch paste. 

7. Lead paper. 

S. Sulphuric acid. 
. 9. Nitric acid. 

10. Hydrochloric acid. 

11. Nitro-muriatic acid (aqua 

regia). 

12. Acetic acid. 

13. Oxalic a<?id. 

14. Tartaric acid. 

15. Hydratet of Potassa. 
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27. Chromate of potassa. 

28. Sulphate of potassa. 

29. Bisulphate of potassa. 
80. Cream of tartar. 

31. Cyanide of potassium. 

32. Antimoniate of potassa. 
38. Caustic baryta (solution) . 

34. Chloride of barium. 

35. Nitrate of baryta. 

36. Phosphate of soda. 

37. Phosphate of soda and 

ammonia (microcosmic 
salt). 

38. Nitrate of potassa. 

39. Biborate of soda (borax). 

40. Nitrate of silver. 

4 1 . Ammonio-nitrate of silver. 

42. Sulphate of copper. 

43. Iodide of potassium. 



44. Acetate of lead. 

45. Basic acetate of lead. 

46. Protosulphate of iron. 

47. Lime water. 

48. Sulphate of lime. 

49. Chloride of calcium. 

50. Protochloride of tin. 

51. Bichloride of platinum. 

52. Sesquichloride of iron. 
58. Sulphurous acid. 

54. Hydrofluosilicic acid. 

55. Chlorine water. 

56. Chloride of mercury. 

57. Subnitrate of mercury. 

58. Molybdate of ammonia. 

59. Protonitrate of cobalt. 

60. Distilled water. 

61. Alcohol. 

62. Ether. 



(1.) Litmus Faper. — ^This is an exceedingly delicate test of 
the presence of an acid ; it is most conveniently prepared by 
dipping thin unsized paper into an infusion of tne colouring 
principle in hot water until it acquires a full blue colour. The 
paper is dried by exposure to the air, and kept carefully pro- 
tected from the light, which injures and finally destroys the 
colour. The blue colour of this paper is instantly changed red 
by contact with a fluid having an acid reaction. 

(2.) Bed Litmus Paper. — ^This is a valuable test of the pre- 
sence of an alkali. To prepare it, a few drops of hydrochloric 
acid are mixed with a large quantity of water, and the blue 
paper immersed in it until it becomes slightly reddened : it is 
then removed and dried for use. The blue colour is restored 
by contact with an alkali. 

(3.) Turmeric Faper, — ^This ieT prepared in the same man- 
ner as litmus paper ; it should have a fine yellow colour ; it in- 
dicates the presence of an alkali by changing to a red brown. 

(4.) Qeotgvna Faper, — This, when properly prepared, is an 
excellent test of both acids and alkalies ; by the former it is 
coloured red, and by the latter green. It is prepared by dipping 
paper into the coloured infusion of the petals of the Georgina 
pwrpwrea, and should have a fine violet colour. 

(5.) Solution of Indigo, — Commercial indigo is digested in 
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concentratecl sulphuric acid, and the solution diluted with water 
till it is just distinctly blue. It is an excellent test for nitric 
acid, which, aided by heat, discharges the colour. 

(6.) Starch Paste* — Common arrowroot starch is rubbed 
with cold water, and boiling water then added until a thin 
paste is formed. It is an invaluable test for free iodine ; when 
brought into contact with which, an intense blue compound is 
formed. 

(7.) Lead Paper. — Paper is satiurated with a strong solu* 
tion of basic acefcate of lead, cut into strips and dried. It 
forms an extremely delicate test of the presence of sulphuretted 
hydrogen, which instantly communicates to it a deep brown- 
black colour. 

(8.) Sulphuric Acid, H O, S Og. — The commercial oil of vitriol 
always contains sulphate of lead, sometimes also nitric acid^ 
arsenic, and tin. The first of these impurities is removed by 
diluting the acid with water ; a turbidity indicates sulphate of 
lead, which is insoluble in the diluted acid. Nitric acid is in«* 
dicated by the blue colour of solution of indigo being dis- 
charged when boiled with the acid. Arsenic is indicated by 
Sassing a stream of sulphuretted hydrogen through the clear 
iluted acid ; a vellow precipitate is formed : if the precipitate 
be brown, it indicates tin. From all these impurities it may 
be freed by distillation ; the first portions being rejected, and 
not more than three-fourths of the acid in the retort drawn 
over ; for almost every qualitative operation the commercial 
acid may be employed. Sulphuric acid is of the most exten- 
sive use to the chemist, from its strong affinity for bases. It 
liberates most other acids from their combinations ; and, from 
its powerful affinity for water, it efi^ects remarkable changes in 
many substances in which the elements of that fluid exist. It 
is a powerful oxidizing agent, and in a diluted state it serves 
as a test for barium^ strontium, and lead, 

(9.) Mtric Acid, HO,NOg.— This acid, the aqua-fortis of 
commerce^ is prepared by distilling equal weights of oil of 
vitriol and nitre. It frequently contains sulphuric and hydro- 
chloric acids, from which it may be freed, by adding nitrate of 
silver as long as a precipitation takes place, and then redistil- 
ling. This operation may, however, be avoided, if in the ori- 
ginal preparation of the acid the first portions, about one- 
tenth or one-eighth of. the whole, be collected in a separate 
receiver; these portions will contain all the impurities, and 
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the Tenudnder wiU be quite pme. Nitric aeid is used as a 
Bolrent for metob, snlphidea, etc., and as a powerful oxidiziiig 
agent. 

(10.) HydroeJdorie Aeidj HCL — ^The muriatic acid of com* 
merce is not sufficientlj pure for analytical purpoees. It con* 
tains sulphuric acid and uon, sometimes also sulphurous acid, 
chlorine, and arsenic. It is best prepared by the following pro* 
cess of Oregorj : — Six parts by weight of pure common salt are 
introduced into a flask, and gently heated with a cool mixture 
of ten parts by weight of oil of ritriol and four parts of water. 
The gas is conducted into a flask containing a quantity of dis* 
tilled water, equal in weight to the salt, and surrounded with 
water in which lumps of ice are floating. The tube delirering 
the gas must dip about one-eighth of an inch into the water in 
the bottle ; the process takes about two hours, and the acid ob-' 
tained is quite pure and colourless. 

. Hydrochloric acid is yery extensiyely used as a solrent, and 
for the detection of silver, mercury, and lead. 
• (11.) Nitro-muriatie Aeidy or Agua Begia. — ^This acid is pie« 
pared by adding nitric acid to twice or thrice its yolume of 
strong hydrochloric acid; both acids undergo deoo^osition, 
hyponitric acid, chlorine, and water being formed. When the 
liquid is saturated with chlorine, this mutual decomposition 
ceases ; but it recommences on the removal of the chlorine 
either by heat or by its combination with some other substance. 
Aqua r^ia is consequently the most |K>werful of solyents : its 
prmcipal use in analytical chemistry is for dissolving gold and 
{)latinum, and for decomposing certain metallic sulphides. 

(12.) Aeetie Acid, HOyC^H^Og. — The acetic acid of com* 
merce firequently contains traces of sulphuric acid, but it may 
be obtained sufficiently pure for most analytical operations; 
If required quite free from all impurities, it is most conveni- 
ently prepared by distilling a mixture of ten parts of neutral 
acetate of lead with three of sulphate of soda, in a retort, with 
a cooled mixture of two and a half parts of sulphuric acid, and 
an equal weight of water : the distillation is continued to dry<» 
ness. The acid thus obtained leaves no residue on evaporationy 
Acetic acid is employed as a solvent, and for acidifying li- 
quids in the place of the mineral adds. 

(13.) Oxalic Acid, HOjC^Og. — ^The commercial acid is pu- 
rified by two or three recrystaUizations. It should leave no re^ 
sidue on ignition. It is employed as a precipitant, of certain 
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sabfttanceB, particularly calcium, for the detection of which it 
is a very valuable reagent. All the oxalates are soluble in the 
stronger acids. 

(14.) Tartaric Aeid^2H0,C^^0iiQ, — ^The commercial acid 
is sufficiently pure : well-defined crystals should be selected. 
It should be Kept in powder, as its solution decomposes by 
keeping. It is employed to prevent the precipitation of cer^ 
tain metallic oxides by alkalies, and as a test for potassium. 

(14.) Hydrate of Potassa, KO,HO.— The best method of 
preparing this valuable reagent is to dissolve two parts of pure 
carbonate of potassa in twenty parts of boiling water in an 
iron pot, and to add in small portions at a time, to the boiling 
liquid, cream of lime (made by sla^ng one part of quicklime 
with boiling water ); after boiling a few minutes, the vessel is 
covered and allowed to stand for twenty-four hours ; the clear 
liquid is then decanted. To obtain the potassa in the solid 
state, the liquid is evaporated to an oily consistence in a silver 
basin, poured out on a silver dish, and allowed to cool ; it is 
then broken into fragments and preserved in well-stoppered 
bottles. Schubert recommends the following simple method of 
preparing a solution of pure potash : — Add a hot solution of 
hydrate of baryta to a solution of sulphate of potassa until the 
liquid gives no further precipitate either with baryta or with 
sulphate of potassa. 

The uses of potassa in analytical chemistry are very numer- 
ous ; — as a precipitant ; as a solvent ; as a means of separating 
certain oxides from others ; and as a test for ammonia, which, 
aided by heat, it expels from all its salts. 

(16.) Carbonate of Potassa, KO.COg. — This salt is best 
prepared by calcining pure cream of tartar : the incinerated 
mass is boiled in distilled water, filtered, and the clear liquid 
evaporated to dryness in a clean iron vessel, with constant 
stirring towards the end of the process ; the dried mass must 
be kept in a well- stoppered bottle, and one part dissolved in 
five or six of distilled water for use. The carbonate of potassa 
of commerce usually contains alkaline sulphates and chlorides^ 
alumina and silica. Carbonate of potassa is extensively em- 
ployed as a precipitant, and for the decomposition of many in- 
soluble salts, particularly organic, with metallic bases. 

(17.) Carbonate of Soda, NaO,C02. — ^This salt is obtained 
pure by heating the best bicarbonate of soda of commerce for 
some time to low redness : its uses are the same as those of 
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carbonate of pbtassa. It is an indispensable reagent in blow* 
pipe operations ; — as a flux ; as a solvent ; and as a decompos- 
ing agent. Its solution should not be discoloured by sulphide 
of ammonium, when neutralized with hydrochloric acid it should 
give no turbidity with chloride of barium, and when evaporated 
to dryness with hydrochloric acid the residue should dissolve 
completely in water. 

(18.) Ammonia, NHj. — Sal-ammoniac is mixed with an equal 
weight of slaked lime, a little water added, and the mixture 
heated in a stoppered retort. The disengaged gas is first al- 
lowed to pass through a small quantity of water in a wash-bot^ 
tie, and from thence into another bottle nearly filled with dis- 
tilled water immersed in a vessel containing ice-cold water ; 
this bottle, for better security against sudden absorption, may 
be furnished with a safety tube. The water will absorb 670 
times its bulk of the gas, and become possessed of all its che- 
mical properties in a very high degree. It should be kept in 
small well-stoppered bottles, and not in one large one, as every 
time it is exposed to the air it absorbs a certain quantity of 
carbonic acid, its freedom from which is proved by its not 
rendering lime-water turbid. Ammonia is in constant use for 
neutralizing acids, its peculiar fitness for which consists in 
its not introducing any fixed matter ; for precipitating insolu- 
ble bases ; and for separating them from each other. The am- 
monia of commerce is generally pure. It should give no tur- 
bidity with chloride of calcium, or with oxalate of ammonia, 
nor with nitrate of silver, when neutralized with nitric acid, 
and when evaporated should leave no residue. 

(19.) Sesquicarbonate of Ammonia, 2]SrH4 0,3C02. — The 
sesquicarbonate of ammonia of commerce is dissolved in four 
parts of distilled water, and one of liquor of ammonia added. 
The solution when evaporated should leave no residue. This 
reagent is employed as a precipitant, and is very useful as a 
substitute for carbonate of potass, in cases where the intro- 
duction of a fixed base would be inconvenient. It is of 
special use in the separation of calcium, barium, and strontium 
from magnesium, the latter not being precipitated in the pre^^ 
sence of ammoniacal salts. 

(20.) Chloride of Ammonium, NH^Cl. — Sal-ammoniac of 
commerce is purified by two or three recrystallizations. Its 
solution in water should be neutral, and hydrosulphuret of 
ammonia should not diseolour it : it should volatilize entirely 
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wben heated on' platinum foil. The salt should be dissolTed 
for use in eight parts of distilled water. It is of great use in 
analysis as a precipitant of various substances soluble in po- 
tassa, but insoluble in ammonia, and for keeping in solution 
certain oxides or salts when others are precipitated by ammonia 
or other reagents. 

(21.) Sulphide of Ammonium, NH^S (HydrosulpTiuretofAm^ 
monia). — This reagent is prepared by transmitting sulphuretted 
hydrogen gas through solution of ammonia, till the liquid gives 
no precipitate with sulphate of magnesia. It must be kept in 
well-Btoppered bottles tree from lead. When first prepared, it 
contains excess of sulphuretted hydrogen, is nearlv colourless^ 
and does not give a precipitate of sulphur when mixed with an 
acid ; but by exposure to the air it gradually absorbs oxygen, 
and assumes a yellow tint from the presence of excess of sulphur, 
of which element it now yields a precipitate on the addition of 
an acid. It is necessary to bear in mind these facts. Sulphide 
of ammonium is of great use for subdividing into two groups 
those metals which are precipitated as sulphides by sulphu- 
retted hydrogen, from their acid solutions; some of tnese 
sulphides being soluble, others insoluble in sulphide of ammo- 
nium. It also subdivides into groups those metals that are 
not precipitated by sulphuretted hydrogen from their acid 
solutions ; some of these metals being precipitated by sulphide 
of ammonium, while others remain in solution : it likewise 
precipitates certain oxides as hydrates by the action of its am- 
monia alone, and certain salts that *are dissolved only in free 
acids. 

(22.) Sulphide of Potassium, KSg. — This reagent is easily 
prepared by transmitting a stream of sulphuretted hydrogen 
through a sohition of caustic potassa as long as the gas is 
absorbed, and then mixing the saturated solution with an equal 
volume of the same caustic potassa. 

(23.) Oxalate of Ammonia, NH^OjCgOg. — This reagent is 
prepared by slightly supersaturating a solution of pure oxalic 
acid with carboiiate of ammonia, and crystallizing : one part of 
the salt is dissolved in twenty or twenty-four parts of water 
for use ; it is employed for the detection and precipitation of 
lime, and is more convenient than oxalic acid, as its solution 
does not decompose by keeping. 

(24.) Hydrosulphwric Acid, HS (Sulphuretted S^drogen), — 
Fragments oi protosulphide of iron are covered witli water in a 
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The condenaer is a hollow metal cylinder, through tie centre 
of which a glass tube passes, being fixed water-tight by meana 
of perforated corks covered with cement. This tube is con- 
nected either by a cork or by tubing with the beak of a retort; 
a constant stream of water is caused to flow from the reservoir 

E laced above, dowD the funnel, thus entering the cylinder at its 
)wer part. The water, wanned by the condensation of the 
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vapour, flows out through the vertical tube underneath the 
upper part of the cylinder: the whole apparatus is thus kept 
constantly cool, and the distillation proceeds in a uniform and 
steady manner. The operation is represented in Fig. 3L 

It ia sometimes required to conduct the gaseous products of 
distillation into vessels containing water or other liquids, as in 
the preparation of hydrochloric and sulphurous acida, solution 
of ammonia, etc. ; lor such occasions the apparatus of Liebig 
would obviously be unfitted, and the arraogement represented. 
in Fig. 82 is best adapted to the purpose. It consists of a 
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series of ressels placed side by side, and connected by tubes in 
Buch a manner tbat tbe tube originating in one Teasel descends 
nearly to the bottom of the vessel following it. A simple in< 
spectioa of tbe figure vill shov tbe direction in whicb tbe 
current is supposed to be passing. After baving acted on tbe 
water or solution in tbe firat bottle, it paeseB tbrongb tbe bent 
tube into the second, and theoce into the third. The junctions 
of tbe tubes with tbe bottles are made in varions ways : some- 
times they pass through corks as in tbe figure, at other times 
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they are made tight by glazier's putty, or linseed paste, or 

Iilaster of Paris. To prevent stiffneHs and rigidiby, the tubes 
eading from bottle to bottle may be made of separate pieces 
united together tight by tubes or collars of caoutchouc. This 
arrangement has received the name of ' Woulfe's apparatus,' bat 
it WHS first devised by Glauber. The upright tubes in the 
centre of each bottle are safety tubes, and ore intended to 
admit air, when trom any cause the pressure within is so far 
diminished as to be considerably lees than that of the atmo- 
sphere. 

It is sometimes required to collect for examination the nn- 
condensable elastic ttuids evolved during distillation, besides 
the liquid results ; the object in such cases is readily attained 
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acid, GonBisting of one part of oil of vitriol mixed with six or eight 
parte of water, is to be poured into the uppermost globe, from 

which it pasBes down into the lowermost globe, and thence up 
into the middle globe, the stopcock being opened to let out the 
atmoepheric air. Hydrosulphuric acid gas la immediately gene- 
rated, and as much of it is allowed to escape as serrea to sweep 
the atmospheric air completely out of the apparatus. The stop- 
cock ia then closed, and the apparatus is ready for use. The 
quantitu of gas delivered depends upon the arrangement of tb« 
stopcock. It can be delivered in single bubbles slowly, or in a 
rapid current. The delivery pipe is made short or long, accord- 
ing to the depth of liquor into which it is to pass. It must of 
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course be changed for every experiment. The siphon at the 
top of the apparatus must contain so much water aa to allow 
atmospheric air to pass either way into or out of the apparatus^ 
according as the atopcock is open or closed- If any sulphide 
of iron falls into the globe h,\t makes a constant disengagement 
of gWt which, if not observed, may drive so much acid up intd 
the uppermost globe as to cause an overflow to take place. It 
is proper, therefore, that this apparatus should always stand in 
a stoneware pan, to catch any acid that may overflow. When 
tJie apparatus requires cleaning or the sulphide of iron needs 
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washing, the acid can be poured off through the stoppered neck 
in the lowest globe. 

In Fig. 36 is represented Mohr's apparatus for a constant 
supply of a saturated solution of sulphuretted hydrogen.* It 
not only serves to prepare a solution of the gas without con* 
tact with atmospheric air, but to preserve it in that condition, 
and yet to afford a supply of the solution either in drops or 
in quantity, readily and conveniently. The Woulff's bottle, <f, 
is filled with air-free distilled water ; h c ib an apparatus for 
|>reparing hvdrosulpburic acid gas ; the jar b contains dilute 
sulphuric acid ; the flask c contains lumps of sulphide of iron. 
The bottom of the flask is cut out, and replaced by a perforated 
plate of lead, upon which the sulphide of iron rests at about 
three-quarters of an inch from the cut bottom-edge of the 
flask. To set this apparatus in action, the vessels a, h, and e, 
having received their respective charges, the cork which fixes 
the siphon d in the bottle a is loosened, and the apparatus 
being then placed together, the gas is produced, and gradually 
drives out the atmospheric air from the vessels c and a. The 
siphon cork is then fixed, and sulphuretted hydrogen gas is 
produced in e and absorbed bv the water in a, until the latter 
is saturated. The acid then descends from the flask c into the 
jar h, and the operation stops. The siphon d is terminated 
outside by a glass delivery-tube attached by a caoutchouc con* 
nector and a pinchcock. Whenever the sulphuretted hydrogen 
water is required, the pinchcock is opened, a little liquor run- 
off to waste to clean the end of the delivery tube, and then as- 
much liquor is run out as the experiment requires. To supply 
iiie vacuum thus produced in the bottle a, the atmospheric air 
pressing upon the liquor in the jar b, drives it up into the 
flask Cj and causes the production of as much hydros ulphuric 
acid gas as is required to make up the quantity run off by the 
siphon d. When the liquor of the bottle d is exhausted, a 
fresh supply of cold air-free distilled water is put into the 
bottle by the siphon neck, and the process of saturation goes 
on afresh. The corks of this apparatus should be coated with 
a mixture of fat and wax, to make them air-tight. 

(26.) Ferrocyanide of Fotasiiwm^ KgreCyg; or KgCfy. — The 
commercial yellow prussiate of potassa is sufficiently pure for 
analytical purposes ; one part is dissolved for use in ten or 

* Mohr's ' Commeiitar aur PreuBsischen Fharmacep«&ia/ and Griffin's 
! Chemical Secreatioiw.* 

£ 2 
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twelve parts of water. It is of especial use for the detection of 
sesquioxide of iron and oxide of copper. 

(26.) JFerridcyanideofFoiasnumjK^Ye^Cj^; or K^Cfdj, — 
This reagent is prepared by transmitting a stream of chlorine 
gas through a solution of the aboye salt until it ceases to pro- 
duce a blue precipitate, with a solution of sesquichloride of 
iron. Its crystals have a magnificent red colour ; to procure 
them, the solution is concentrated by evaporation, and rendered 
feebly alkaline by carbonate of potassa. This reagent serves 
to detect protoxide of iron by the formation of a characteristic 
blue precipitate. 

(27.) Chromate ofPotcuM, KOjCrOg. — Bichromate of potash 
of commerce is dissolved in water, and carbonate of potash 
added till the solution reacts slightly alkaline ; from the con- 
centrated liquid yellow crystals may be obtained. It is em-* 
ployed principally as a test for lead, with which it forms a pig-i 
ment known as chrome yellow. 

(28.) Sulphate of J^otassa, KOjSOg. — The salt of commerce 
is purified by two or three crystallizations, aiid dissolved for 
use in ten or twelve parts of water ; it is used for the detection 
and separation of strontium and barium. 

(29.) Bisulphate of Potassa, K O, S O3 ; H 0, S O3.— This is the 
fusible salt remaining when nitrate of potash is decomposed by 
two equivalents of oU of vitriol in the process for making nitric 
acid ; it is extensively employed »in blowpipe operations ; in 
solution it indicates lithium, boracic acid, nitric acid, hydro- 
fluoric acid, bromine, and iodine, and separates oxides of ha^ 
rium and strontitim from other earths and metallic oxides. 

(30.) Bitartrate of Fotassa, KO,H:0,C8H40io; or KO^ 

HO,T. — The cream of tartar of commerce is sufficiently 
pure ; it is useful in certain cases for separating metals &om 
each other. 

(31.) Cyanide of Potassium, KCy. — Eight parts of roasted 
ferrocyanide of potassium are fused at a bright red-heat in a 
covered crucible with three parts of dry carbonate of potassa ; 
the fused mass is poured carefully into a warm dish, and when 
cold, broken into fragments, and kept in a well-closed bottle : 
it must not be kept in solution, but dissolved as required in 
four or five parts of water. In analysis, its most important 
application is as a means of separating cohalt from nickel. As 
a blowpipe reagent mixed with an equal weight of carbonate of 
soda, it is exceedingly valuable from its powerful reducing 



ON REAGENTS. oS 

action ; and from its easy fusibility it is of special application 
in the reduction of arsenie, 

(32.) Bimetaniimoniate ofFotasga, 2KO,SbOg.— A mirfcure 
of one part of crude antimony with four parts of powdered 
nitre is thrown, a little at a time, into a crucible at a dull red- 
heat ; the mass is kept in a pasty state, with occasionnl stirring, 
for about half an hour, after which it is cooled, well washed, 
and heated to bright redness for half an hour, with two-thirds 
of its weight of pure carbonate of potassa. The cooled mass 
is digested with about fifty parts of warm water, and filtered 
for use when cold. It should not contain excess of alkali. 
Its use is as a test for soda, with which, provided no other 
base be present, it forms a very sparingly soluble crystalline 
precipitate. 

(3a.) Oaustie Baryta^ BaO,HO. — Sulphide of barium is 
boiled with excess of oxide of copper or oxide of lead, and 
filtered when the liquid gives a white precipitate, with acetate 
of lead : it is then diluted with water, and preserved in well* 
closed bottles. Its most important use is as a precipitant of 
fnagnesia, 

(34.) Chloride of Barium, BaCl. — To prepare this useful re* 
agent, six parts of heavy spar (sulphate of baryta) are exposed 
to an intense red-heat, with a mixture of one part of powdered 
charcoal and one and a half of fiuor spar; the resulting 
sulphide of barium is boiled with slight excess of hydrochloric 
acid, filtered, and crystallized two or three times. The solution 
of these crystals must be neutral to test-papers, not afiected 
by sulphuretted hydrogen or sulphide of ammonium : it must, 
moreover, leave no residue when mixed with excess of sul« 
phuric acid, filtered and evaporated. Its most important use 
is as a means of detecting and estimating sulphuric acid. 
From the property which baryta possesses of forming soluble 
salts with some acids, and insoluble salts with others, it is like* 
wise a valuable reagent for distinguishing one group of acids 
from another. 

(36.) Nitrate of Baryta, BaO,N05. — Native carbonate of 
baryta is digested with dilute nitric acid, the solution filtei^d 
and crystallized two or three times. Its uses and applications 
ai<e the same as those of chloride of barium. 

(36.) iPAa«pAa^©/^Swfor,2NaO,HO,P0g.— The commercial 
salt is crystallized and dissolved for use in ten or twelve parts 
of water« It serves as a test for alkaline earths in g^ieral, but 
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especially for the detection and estimation of magneHa, whicb 
it precipitates with the addition of ammonia as the basic phos- 
phate of ammonia and magnesia. 

(37.) Phosphate of Soda and Ammonia^ Na 0, KT H4 O, P Og.-r 
^his salt (microcosmic salt) is prepared by boiling one hundred 
parts of crystallized phosphate of soda with sixteen of salr 
ammoniac. Chloride of sodium separates, and the liquid, when 
filtered and evapprated, yields the double salt in fine crystal8> 
When this salt is heated on charcoal or platinum wire, it loses 
water and ammonia, metaphosphate of soda being formed, which 
has the power of fusing a great number of chemical c<xnpounds. 
Hence its great use as a blowpipe reagent. 

(38.) Ifitrate ofFotasga, KO^NQg, — The nitre of commerce 
is purified by repeated crystallizations ; its solution should 
give no precipitate with nitrate of silver, or chloride of barium : 
it is extensively employed as an oxidizing agent. 

(39.) Bihoraie of Soda, NaO,2BOs.—The borax of com- 
merce is purified by recrystallization. It should be exposed 
to a gentle heat in a platinum crucible till it no longer swells 
up; it is then powdered and kept for use. When heated 
on the ring of platinum wire, it should give a clear trans- 
parent glass. This glass possesses the property of dissolve 
mg most metallic oxides, the smallest portions of which cpm- 
municate to it a colour; hence its important use as a blow-r 
pipe reagent. 

(40.) Nitrate of Silver, AgOjNOe. — Standard silver is dis* 
solved in nitric acid, evaporated to dryness, and heated till, all 
the copper present is converted into black oxide, which may be 
known oy dissolving a portion of the fused salt in water and 
adding ammonia, which should not make the solution blue. The 
fused mass is dissolved in water, filtered and crystallized ; the 
crystals are dissolved for use in fifteen or twenty parts of dis* 
tilled water. It may be known to be pure by the filtrate from 
the precipitate, which it forms with excess of hydrochloric acid^ 
leaving no residue when evaporated on a watchrglass* It 19 
employed for arranging acids into groups, and is of special ap- 
plication in testing for, and estimating hydeochlorie acid* 

(41.) AmmonUhNiirate of Silver, — ^Ammonia is dropped into 
solution of nitrate, of silver till the precipitate which first forms 
)s nearly redissolved. It is employed for the detection of 
oreenie. 

(42.) Sulphate of Copper^ CuO^ SOj.r-Blue yitriol i^ purified 
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hy tvto or three crjBt&llizQtioBS. A solution of one p$rt qf this 
salt mixed with two and a quarter parts of protosulphate of 
iron, is employed for the precipitation of hydriodie itcid, as pro- 
tiodide of copper. Ammonio-sulphate of copper, prepared in 
the same manner as the corresponding silver salt, is also em* 
ployed as a test for a/tsemo. 

(43.) Iodide qfFotatnumy K I. — The commercial salt is tested 
for carbonate of potassa by treating it with hot alcohol, in which 
.the latter salt is insoluble. It is a reagent for certain metals, 
particularly for lead and mercury^ with which it forms charac* 
teristic precipitates. 

(44.) Neutral Acetate of Lead, PbCC^HgOg.— The best 
sugar of lead of commerce is dissolved in ten or twelve parts 
pf distilled water ; it is useful for arranging acids into groups^ 
and for the special detection of chromic acid. 

(45.) Basic Acetate of Lead, 3 PbO, C^ HgOg. — Seven parts of 
'ivell-washed litharge and six of the best neutral acetate of lead 
Jire gently heated and agitated with thirty parts of water till 
the sediment has become perfectly white ; the liquid is then de- 
scanted and preserved for use in a well-closed bottle. It has the 
9ame applications as the last-described salt, but its chief use is 
as a test for sulphuretted hydrogen, 

(46.) Frotosulphate of Iron, FeOjSOg. — Clean iron nails are 
digested with dilute sulphuric acid till hydrogen ceases to be 
evolved. The solution is filtered, and the crystals obtained 
.washed with water slightly acidified with sulphuric acid and 
rdried. This salt is a powerful deoxidizing agent, and is of es- 
pecial application as a test for nitric acid. It also precipitateis 
aold in the metallic state, and forms a blue compound with 
ferridcyanide of potassium. 

(47.) Lime Water, CaO,HO.--rresh slaked lime is agitated 
with cold water, allowed to settle, and the clear fluid preserved 
in well-stopped bottles. It serves to detect carbonic acid, and 
as a means of distinguishing certain organic acids. 

(48.) Sulphate of Lime, CaO,S(>3. — The precipitate formed 
on adding chloride of calcium to dUute sulphuric acid is well 
' washed, digested, and agitated with water, and the fluid fil- 
tered for use. It is employed to distinguish between calcium, 
strontium, and barium. 

. (49.) Chloride of Gahium, CaCl. — Pure carbonate of lime is 

dissolved in dilute hydrochloric acid, the solution eva|>orated 

ito perfect. dryness, and the residue redissolved in distilled 
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water. It must be perfectly neutral. It is of great use for thd 
classification of organic acids. 

(50.) Protochloride of Tin, SnCl. — Granulated tin is boiled 
with concentrated hydrochloric acid, the metal being in excess ; 
it is then dilated with four or fire times its quantity of water, 
slightly acidulated with hydrochloric acid, and filtered. It must 
be kept in well-closed bottles containing fragments of metallic 
tin to prevent the protochloride from passing into the state of 
perchloride. It is a powerful reducing agent. It also serves 
to detect mercury, and, when mixed with nitric acid, it indi* 
cates the pi'esence of ffold, 

(61.) Bichloride of Platinum, Pt Clg. — The solution of the 
metal in aqua regia is evaporated to dryness on the water-bath, 
and redissolved in eight or ten parts of water. It is of great 
use in analytical chemistry for the detection and estimation of 
potassium and ammonium. 

(52.) Sesquichloride of Iron, Fe2C]3. — Clean iron nails are 
digested with diluted hydrochloric acid ; the decanted acid li- 
quid is then boiled with successive additions of nitric acid, in 
a capacious vessel, till all effervescence ceases, and till it no 
longer tinges solution of ferridcyanide of potassium blue ; it is 
then precipitated with excess of ammonia, and the well- washed 
hydrated peroxide of iron is heated with hydrochloric acid, care 
being taken that it is not all dissolved, it being necessary that 
the test should not contain excess of acid ; it is then filtered for 
use. It is employed as a means of classifying organic acids, and 
is also of great use in the analysis of the phosphates of the 
alkaline earths. 

(53.) Sulphurous Acid, SO^. — ^This is prepared by transmit* 
ting the gases produced by the action of six parts of oil of 
vitriol on one part of charcoal (carbonic and sulphurous acid 
gases) through ice-cold water till no more is absorbed. It 
must be kept in well-dosed bottles, and should always smell 
strongly of the acid. It is a powerful means of reduction ; it 
precipitates mercury from its solution, converts chromic acid 
into oxide of chromium, arsenic acid into arsenious acid, etc. 

(54.) HydrofluosUieie Acid, H F, Si Fg.— Equal weights of 
a mixture of powdered fluor spar and quartz are gently heated, 
in a retort, with oil of vitriol, and the gas evolved passed 
into water, the extremity of the delivering tube dipping into 
mercury placed at the bottom of the jar, in ordor to prevent 
the tube from becoming choked up with the silicic add which ia 
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precipitated the instant the gas comes into contact with water* 
The gelatinous mass is filtered through linen, and the filtrate 
^ preserved for use. Hjdrofluosilicic acid forms an insoluble 
compound with potassium, which it is sometimes employed to 
separate from chloric acid. It is also used to discriminate be* 
tween barium and seronHum, with the former of which it forms 
a crystalline precipitate. 

(66.) Chlorine Water. — ^The gas evolved by heating finely* 
powdered peroxide of manganese with five or six times its 
weight of hydrochloric acid is conducted into cold water^ 
nntU the fluid is saturated. It must be kept in a well-closed 
bottle and preserved from the light. It is employed to expel 
iodine aud bromine from their combinations. 

(66.) Chloride of Mercury, HgCl.-— The corrosive sublimate 
of commerce is purified by crystallization, and dissolved for use 
in twelve or fourteen parts of water. It forms characteristic 
coloured precipitates with certain acids. , 

(57.) 8uhnitrate ofMercwry, Hg30,N05. — One ounce of piire 
nitric acid is poured on one ounce of mercury and allowed to 
remain for twenty-four hours in the cold ; the crystals formed 
are dissolved in water acidified by nitric acid, and filtered. A 
small quantity of metallic mercury should be put into the bot* 
tie in which this reagent is preserved. 

(68.) Moli/bdate of Ammonia, — This reagent, which is used as 
a test for phosphoric acid, is prepared by roasting sulphide of 
molybdenum until it ceases to liberate stdphurous acid, and be- 
comes completely converted into molybdic acid, which while hot 
is yellow, but white when cold. It is digested with ammonia^ 
filtered, andthen mixed with hydrochloric acid in quantity suf- 
ficient to redissolve the precipitate which at first forms. The 
solution should be perfectly colourless ; if it has a yellow tinge, 
dt indicates the presence of phosphoric acid. 

(59.) Frotonitrate of Cobalt, CoOjNOg.— It is not easy to 
obtain this reagent quite pure, though for blowpipe experiments 
it is a matter of great consequence that it should be so. Ere* 
senius gives the following directions for preparing it :•— an in- 
timate mixture of two parts of very finely-powdered cobalt, 
four parts of saltpetre, one part of effloresced carbonate of 
soda, and one part of drv carbonate of potassa, is projected in 
small portions into a red-hot crucible, which is then exposed to 
the strongest possible heat till the mass is fusing ; when cold 
it is reduced to powder, boiled with water, and the well-washed 
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mass dissolved in Hydrochloric acid; the gelatinous mass is 
carefullj evaporated to dryness ; the residue boiled with water, 
filtered, and carbonate of ammonia (carbonate of potassa is 
better) added to the filtrate while kept at the boiling heat till 
all acid reaction ceases ; the filtered solution is precipitated by 
carbonate of potassa, and the precipitate obtained washed and 
dissolved in nitric acid. The solution is evaporated to dryness 
at a gentle heat, and one part of the residue dissolved in ten 
parts of water for use. Solution of nitrate of cobalt is em- 
ployed to distinguish certain metals in the oxidating flame of 
the blowpipe. Thus, alumina acquires a beautiful pale blue 
colour, magnesia a rose-red tint, and oxide of zino a bright 
green. A few drops of the solution are placed on the subr 
stance to be operated upon by means of a platinum wire or 
dropping tube. 

(60.) Distilled Water. — No other water should be employed 
in the laboratory. It should give no precipitate or even tur- 
bidity with chloride of barium, nitrate of silver, oxalate of 
ammonia, or lime water, and should leave no residue on eva* 
poration. 

(61.) Alcohol, C^HgOg. — Bectified spirits of wine, sp. gr. 
about *840, are sufBciently strong for most purposes. What is 
termed absolute alcohol, and which is sometimes required, is 
prepared by adding carbonate of potassa, that has recently been 
exposed to a red-heat, to ordinary alcohol until it ceases to disr 
■Bolvo any more ; the whole is allowed to digest for twenty-four 
hours; the liquid is then poured off, mixed with a sumcient 
quantity of quicklime to absorb the whole, and slowly distilled 
from a retort on a water bath at the temperature of about 180^ ; 
it is then obtained of a sp. gr. of *794i7. It must not redden blue 
.Utmus-paper, and must volatilize without leaving any residue. 

(62.) Ether, C4H5O. — Sulphuric ether of commerce is suffi- 
ciently strong and pure for all purposes. In inorganic analysis 
it is employed to detect and isolate hromine, 
- The student is recommended to assure himself by careful 
testing of the purity of his reagents ; by so doing he may not 
only save himself from much subsequent embarrassment, but he 
will be gaining much valuable experience in qualitative exa« 
jninations. 
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CHAPTER in. 

ON THK COMPORTMEin? OF THE PRINCIPAL METALLIC 

OXIDES WITH BEAaENTS. 

26. Bt means of certain reagents this extensire class of 
compounds may be arrjanged into a series of Groups ; some of 
whichy again, by other reagents, may be subdivided into Sec* 
tionSy the whole forming a very convenient classification : — 

Group I. — Metallie oxides not predpiiated from their solu^ 
Uons by hydrosulpkurie aeidf hy sulphide of ammoniumy or 
hy alkaline earbonates, . . 

The Alkalies proper, viz. oxide of potassium (potassa), 
oxide of sodium (soda), oxide of lithium (lithia), and 
oxide of ammonium (ammonia). 

Group II. — Metallic oxides not precipitated from their solu* 
tions by hydrosulphuric acid, but precipitated under certain 
circumstances, as salts, by sulphide of ammonium, andpred- 
pitated by the alkaline carbonates as carbonates. 

The Alkaline Earths, viz. oxide of barium (baryta), 
oxide of strontium (strontia), oxide of calciimi (lime), 
and oxide of magnesium (magnesia).* 

Group III. — Metallic oxides not precipitated by hydrosul- 
phuric acidy but precipitated, as oxides, by sulphide of am* 
monium. 

Oxides of aluminum, glucinum, chromium, thorinum, 
yttrium, cerium, zirconium, titanium, and tantalum. 

Group IV. — Metallie oxides not precipitated from their acid 

* Osnd0 of magnesium is not preoipitated by alkaline carbonates in the 
presence of ammoniacal salts ; but it is thrown do?m under these circum* 
stances by phosphate of soda. 
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BoluHons hy liydrosulphurie acid, hut precipitated^ as suU 
phides, by sulphide ofammoniwm : 

Oxides of zinc, nickel, cobalt, and iron, protoxide of 
manganese, and sesquioxide of uranium. 

Group V. 

Section A. — Metallic oxides precipitated from their solu^ 
tionSy whether acid, alkaline, or neutral, hy ht/drosulphuric 
acid. 

Oxides of lead, silver, mercury, bismuth, cadmium, 
copper, palladium, rhodium, and osmium. 

This section may be further divided into two sub- 
sections by the comportment of its members with hy« 
drochloric acid ; oxide of silver, and suboxide of mercury, 
being completely, and oxide of laul partially, precipitated 
by that reagent. 
Section B. — MetaUie oxides precipitated from their acid 
solutions by hydrosulphuric acid, but not precipitated by 
that reagent from their alkaline solutions, their sulphides 
being soluble in alkaline sulphides. 

Oxides of antimony, arsenic, tin, platinum, iridium, 
gold, selenium, tellurium, tungsten, vanadium, and mo- 
lybdenum* 

A synoptical view of the comportment of the principal 
metallic oxides with the general reagents, and the colours of 
the precipitates occasioned thereby, is given in the following 
Table. 
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GROUP 1. 

The Alkalies proper: Fotassa, Soda, Xiithia, and 

Ammoiiia* 

27. POTASSA. (KO.) 

General characters of Hj/drafe of Potassa (KO,B[0). — When 
pure, it is quite white, dissolving in water with the disengage- 
ment of heat, and attracting both water and carbonic acid from 
the atmosphere. It is highly caustic and eminently alkaline. 
Nearly all its salts being soluble in water, it is capable of being 
precipitated by a very few reagents. Its presence is however 
evinced by the following. ' 

(Solution of Chloride of Fotassiam (EGl) maj be used.) 

Bichloride of Platinum (PtClg) produces a bright yellow 
crystalline precipitate of double chloride of platinum and po- 
tassium (KGl,PtCl2). It is very sparingly soluble in water, 
and its formation is promoted by the presence of free hydro- 
chloric acid. It is quite insoluble in strong alcohol. Previous 
to applying this test, the operator must assure himself of the 
absence of ammonia, and the solution should be concentrated. 

Tartaric acid (2>JiO,CQR^OiQ or 2H0,T) added in excess 
produces a crystalline precipitate 

KC1 + 2H0,T=K0,H0,T + HC1 
soluble in strong acids and in carbonated and caustic alkalies, 
but insoluble in tartaric and acetic acids : the formation of this 
salt is greatly facilitated by agitation. 

Carhazofic or trinitrophenic acid, (KOyCi^ ^-^^ ^ O) dis- 
solved in alcohol produces a bright yellow crystalline precipi- 
tate (KOjCi^Hg (N 0^)30), which is freely soluble in boiling 
water, but very sparingly so in cold. 

Perchloric acid (ClOj) produces a sparingly soluble white 
crystalline precipitate (fc 0,0107). 

Before the hlotopipe salts of potassa, . if free from soda, 
heated on a platinum wire in the inner flame, tinge the outer 
flame violet If soda salts be present, potassa may be detected 
by fusing a clear bead of borax with oa^ide of nickel, and then 
aading the mixture ; the brown colour of the bead is changed 
to blue, 

Charaeteristic.— The reaction with bichloride of platinum, and 
the violet coloration of the blowpipe flame. 



METALLIC OXISSS. ^3 

28. Soda. (NaO.) 

General cliaracters of HydreUe of Soda (NaO, HO). — They 
are very similar to those of potassa. Its soluble salts afford no 
precipitates with any of the aoove reagents for potassa ; but Bu 
metantimoniate of potassa (2 K O, Sb O5) produces, in neutral and 
even in very dilute solutions, if well agitated, and provided no 
other oxide but potassa be present, a white crystalline precipitate* 

(Solntion of Sulphate of Soda or of Chloride of Sodium may be used.) 

2(NaO,S03)+2KO,Sb06=2(K 0,803) 4.2NaO,Sb05. 
Before the hlovopipe soda salts are distinguished by the 
«trong yellow colour which they communicate to the outer 
flame, which reaction is not prevented by a very considerable 
excess of potassa. According to Kobell, one part of chloride 
of sodium may hereby be detected in twenty-five or thirty 
parts of chloride of potassium. 

29. LiTHiA. (LiO.) 

General characters* — When pure this oxide is white. It is 
not BO soluble in water as potassa or soda. Its solution rapidly 
absorbs carbonic acid when exposed to the air. Carbonate of 
lithia is very sparingly soluble in water ; when a solution of a 
salt of lithia is mixed with one of phosphate of soda, the 
double phosphate of soda and lithia of very sparing solubility 
is precipitated. Phosphate of soda is therefore the character- 
istic test for this alkali. 

Before the blowpipe salts of lithia are detected by the fine 
crimson tinge which they communicate to the outer flame, when 
heated in the inner flame on platinum wire. Potassa salts do 
not interfere with this reaction; but soda salts destroy it, 
substituting for the crimson their own peculiar yellow colour* 

80. Ammoitia (Oxide o:^ AMMONitM). (NH^O.) 

General characters, — The solution of pure ammonia in water 
is, when concentrated, highly caustic and alkaline. It has a 
powerful and penetrating smell, by which its presence caii 
generally be' detected. It attracts carbonic acid from the at- 
mosphere. Most of its salts are soluble in water, and nearly 
all of them are totally volatilizable by heat. When present in 
an uncombined state, in quantity too small to be detected by 
the smell, its presence may be evinced by the production of 
white clouds when a feather dipped in strong acetic acid is 
held over the liquid. In salts of ammonia the compound 
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metal ammonium (NH^may be regarded as replacing the sim- 
ple metals in other salts, thus : — 

NHgHCl = (NH4)C1 

Hydrochlorate of Ammonia. Chloride of Ammoniam. 

]SrH3HO,S03 = NH^CSOg 

Sulphate of Ammonia. Sulphate of Ammonium, 

Comportment of Ammoniacal Salts with reagents, 

Bichloride of platinum produces a yellow crystalline precipi- 
tate (NH^ CI, PtClg), having a great resemblance to the corre- 
sponding double salt of potassium. 

Tartaric acid produces in concentrated solutions a crystal- 
line precipitate (NH^OjHOjT) much more soluble than the 
corresponding potassa salt. 

If to a solution of corrosive sublimate (HgCl) a sufficient 
quantity of iodide of potassium be added to redissolve the pre- 
cipitate which is at first formed, and then considerable ex- 
cess of caustic potassa, a solution is obtained which will de-. 
tect one drop of chloride of ammonium in a pint of water, by 
the production of a yellowish turbidity. The reaction is con- 
sidered to be expressed in the following equation : — 
4(HgI,KO)+3(KO,HO,)-hNH8= 
(Hg4l^I,2HO)+7Kl-h4HO. 



GROITP II. 

The Alkaline Earths: Baryta, Strontia, Limey and 

Magnesia. 

31. Baetta. (BaO,HO.) 

General characters, — When pure, it is of a greyish-white 
colour ; it combines with water with the evolution of great heat, 
and is completely dissolved. Its concentrated aqueous solution 
deposits crystals. It is powerfully caustic and .alkaline. It 
combines greedily with carbonic acid, forming a white insolu- 
ble compound, which is poisonous. 

Comportment of soluble Barytie Salts with reagents. 
(Solution of Chloride of Barium may be used.) 
Alkaline carbonates produce a white precipitate (BaOjCOj) 
soluble with effervescence in hydrochloric acid. 
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Ammonia and caustic alkalies do not produce any precipitate, 
provided atmospheric air be excluded. 

Sulphuric acid and soluble sulphates produce, even in very 
dilute solutions, a white precipitate (Ba 0,803), quite insoluble 
in water, and very sparingly so in hydrochloric acid. 

Sifdrqfluosilicic add (HFySiF^) produces after a time a 
colourless crystalline precipitate, almost entirely insoluble in 
Iree acids 

BaCl-hHF,SiF3 = BaF,SiF2 + HCL 
^ Common phosphate of soda (2 Na O, H O, PO5) produces a white 
precipitate soluble in free acids. 

Oxalic eudd {H.OyC^O^-i'SLq) and soluble oxalates produce, 
in tolerably concentrated solutions, a white precipitate 
(BaO,C20g 4- aq) soluble in free acids; the formation of this 
precipitate is favoured by ammonia. 

Chromate of potcusa (KOCrO^) produces a yellow precipi- 
tate (BaOCrO^, very sparingly soluble in nitric and hydro- 
chloric acids. 

Before the blowpipe, salts of barium, particularly the chloride, 
when heated on platinum wire at the point of the blue flame, 
communicate to the external flame a pale apple-green colour, 
which is not suppressed by the presence of salts of strontium, 
calcium, or magnesium, unless they greatly predominate. 

Characteristic, — The reactions with sulphuric and hydrofluo- 
silicic acids. 

32. Steoktia. (SrO.) 

General characters, — It greatly resembles baryta ; but it ia 
not so heavy ; neither is its hydrate so soluble ^in water ; its 
aqueous solution is consequently less caustic. 

Comportment of soluble Salts of Strontium with reagents, 
(Solution of Chloride or Nitrate of Stpontium may be used.) 

Alkaline carbonates, the caustic alkalies, Bud phosphate of soda 
behave towards solutions of strontium salts precisely as towards 
solutions of salts of barium. 

Sulphuric acid produces a white precipitate (Sr 0,803) not 
altogether insoluble in water ; in very dilute solutions, there- 
fore, sulphate of lime and other soluble sulphates do not occa- 
sion an immediate precipitate. 

Hydrojluosilicic acid occasions no precipitate even in con- 
centrated solutions. 

PAKT I. r 
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Ohromate of potasta in cold and dilate solutions produces 
no precipitate ; but, bj boiling, a copious yellow precipitate 
(SrOjCrOj) is determined. 

Oxalic add produces a white precipitate (Sr OjCg Og + aq) even 
in dilute neutral solutions ; in very dilute solutions the preci- 
pitate is immediately determined by the addition of ammonia. 

Before the hlotopipe, sulphate of strontia fuses to an opales- 
cent mass, and colours the outer flame carmine-red. Chloride 
of strontium, heated on the ring of platinum wire at the apex of 
the blue flame, tinges the whole flame immediately deep-crim- 
son ; but as the assay fuses the colour disappears, by which it is 
distinguished from chloride of lithium. The presence of chlo- 
ride of barium prevents the production of the coloured flame. 
Soluble salts of strontium, digested with alcohol, and inflamed, 
give rise to an intense and characteristic carmine-red colour. 

Gharacterietic. — The red coloration of alcohol flame ; the non- 
precipitation by hydrofluosilicic acid ; and the gradual precipi- 
tation by sulphate of lime. 

33. Lime. (CaO.) 

When pure, it is white and infusible. It has an acrid, caustic, 
alkaline taste. It has a powerful affinity for water, in combin- 
ing with which it emits great heat, and falls into a bulky 
powder. The hydrate of lime is far less soluble in water than 
the hydrates of the two preceding oxides, one part requiring 
for a perfect solution from 450 to 500 parts of water. The 
solution is slightly caustic, and gradually absorbs carbonic acid 
from the atmosphere, until the whole of the lime is converted 
into carbonate. 

Comportment of solutions of Salts of Calcium with reagents. 
(Solution of Chloride of Calcium may be used.) 

The catcstic and carbonated alkalies, and phosphate of soda^ 
behave with calcareous solutions precisely as with solutions ot 
barium and strontium. . 

Sulphuric acid and the soluble sulphates occasion no precipi- 
tate in very dilute solutions ; but, on the addition of alcohol, 
a precipitate (Ca 0,803) immediately takes place : in concen- 
trated solutions a bulky precipitate is produced, soluble, 
though not remarkably so, in nitric and hydrochloric acids. 

Sydrqfluosilicic acid does not produce any precipitate in 
solutions of calcareous salts. 
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Oxalie aeid and the soluble oxalates occasion an immediate 
precipitate (CaOyOgOs) in neutral solutions, soluble in the mi- 
neral acids, but insoluble in acetic acid. 

CaCl + NH^O, C208=CaO, CgOa+NH^Cl. 
The formation of this precipitate is increased and quickened bj 
the addition of ammonia. 

Before the blowpipe, chloride of calcium, unless it has been 
fused, heated on the ring of the platinum wire, tinges the outer 
flame red, but the colour is more feeble than with chloride of 
strontium. Pure lime and the carbonate emit a very strong 
light. Soluble lime salts impart a yellowish*red tinge to the 
flame of alcohoL 

Characteristic, — The reactions with oxalic and sulphuric acids. 

34. Magitesia. (MgO.) 

General characters. — It is a white infusible powder, possessed 
of a feeble but distinct alkaline reaction. Like lime, it is 
more soluble in cold than in hot water : 36,000 parts of boiling 
water, and 5142 parts at 32°, being required to dissolve one 
part, of the earth. Caustic magnesia does not emit any heat 
on being moistened with water. 

Behaviour of soluble Magnesium Salts tvith reagents, 
(Solution of Sulphate of Magnesia may be used.) 
Ammonia^ in neutral solutions, occasions a white bulky pre« 
cipitate (Mg O, H O). If the solution be acid, or if ammoniacal 
saJts be present, no precipitate takes place, in consequence of 
the property possessed by magnesia of forming double salts 
with ammonia. 

Caustic potassa produces a voluminous flocculent precipitate, 
which disappears on the addition of chloride of ammonium ; 
but, on boiling with excess of potassa, the precipitate reappears, 
in consequence of the decomposition of the ammoniacal salt. 

Carbonate of soda produces in neutral solutions, and in the 
absence of ammoniacal salts, a white voluminous precipitate 
2 (HOjMgO) +3 (MgOjCOj), which is increased bjr boiling, 
in consequence of the expulsion of the carbonic acid, which, 
•in the cold, keeps a portion of magnesia in solution. 
5(MgO,S03)-f6(NaO,C02) + 2HO = 
2(MgO,HO) +(3MgO,C02)-|-2C02. 
Carbonate of ammonia, by boiling, and in the absence of an> 
moniacal salts, occasions a slight precipitate. 

T 2 
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Stilphuru: acid produces no precipitate (MgOjSOg), being 
very soluble in water. 

Phosphate of soda alone does not produce any precipitate in 
very dilute solutions ; but, if ammonia be added, a crystalline 
precipitate of basic phosphate of magnesia and ammonia 
(2MgO,NH4 0,P05) IS formed in highly diluted solutions. 
2 (MgO,S03) -f 2NaO,HO,P6e + NH3 = 
2MgO,NH40,P05 + 2(NaO,S03). 
This precipitate is insoluble in ammoniacal salts, but soluble in 
free acids. 

Oxalate of ammonia^ in the absence of ammoniacal salts, 

forms a white precipitate (MgO,0 -h 2aq). 

Before the hioivpipe, in the absence of other metallic oxides, 
salts of magnesium, when ignited on charcoal, then moistened 
with solution of protonitrate of cobalt, and again strongly 
ignited, acquire a feeble red tint. 

Characteristic. — The reactions with phosphate of soda and 
nitrate of cobalt. 

General Bema/rh& on the Oxides of the Second Gfroup, 

From the property of magnesia to form soluble double salts 
with ammonia, this oxide may be kept in solution by the addi- 
tion of chloride of ammonium and ammonia, while baryta, 
strontia, and lime are precipitated by carbonate of ammonia. 
The magnesia is detected in the filtered liquid by phosphate of 
soda. The immediate formation of a precipitate, on the addi- 
tion of sulphate of lime, and the gradual formation of a crys- 
talline precipitate on the addition of hydrofiuosilicic acid, are 
characteristic of baryta. Strontia, in combination with baryta, 
is detected by converting both earths into chlorides, and digest- 
ing with absolute alcohol, in which chloride of barium is almost 
insoluble. Chloride of strontium is detected in the alcoholic 
solution by the carmine-red flame it communicates to the 
alcohol when ignited ; and lime is detected by oxalate of am- 
monia. To discover the alkalies in the presence of the oxides 
of the second group, the baryta, strontia, and lime are first 
.removed by boiling with carbonate of ammonia and caustic 
ammonia, and from the filtered liquid the magnesia is precipi- 
tated by baryta-water; the excess of baryta is removed by 
adding sulphuric acid in slight excess, and boiling ; the whole 
is then filtered, and the clear filtrate evaporated to dryness in 
a platinum dish, and ignited; the. residue is redissolved in 
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water, and the solution tested for potassa, soda, and lithia, bj 
dividing it into three portions, and proceeding with each in the 
manner above directed for the discovery of the alkalies. A 
portion of the original solution is tested for ammonia, bj heat- 
ing with caustic potassa, and applying a feather moistened 
with strong acetic acid to the mouth of the tube. 



aEOUP III. 



Metallic Oxides not precipitated by Hydrosulphuric 
Acidy but precipitated as Oxides by Sulphide of Am« 
monium. 

(Oxide* of Aluminum^ Yttrium, Q-lueinumy Tkorinum, Ziroomum, 
Chromium^ Cerium^ TOcmMim^ and TctnieUmt*) 

35. Oxide of Alumii^vm (ALiTMiifA). (AI3O3.) 

Oeneral characters, — When pure it is white, and in the state 
of powder it is light, and not at all compact. It has neither 
taste nor smell, but it adheres to the tongue, thereby occasion- 
ing a slight sense of astringency. By the heat produced by a 
stream of oxygen gas directed against the flame of a spirit-lamp, 
it slowly melts, and gives a limpid and colourless globule, which 
on cooling becomes crystalline. It is quite insoluble in water, 
although it possesses a powerful affinity for that fluid, from 
which it can only be deprived by heating to redness. It con- 
denses moisture from the atmosphere in a remarkable manner^. 
The hvdrate of alumina has a strong: affinity for vegetable 
colouring principles. ' ^ 

Comportment of solvhle Alwmvnwm Salts with reagmU^ 
(Solution of Sulphate of Ahimina may be used.) 
Sulphide of ammonium produces a white voluminous preci- 
pitate of hydrate of alumina, soluble in potash, hydrosulphuric 
acid being evolved. 

Al303,3S08 + 3(NH.S)+6HO= 

Al308,3HO + 3(NH40,803>+3HJ3. 

Potassa and soda produce in neutral solutions a bulky pre* 

cipitate of hydrate of alumina (AlgOgSHO), entirely soluble 

in excess of the precipitant, but again precipitated by chloride 

of ammonium which destroys the solvent. 

K0 + NH4C1=KC1+NH40. 
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Ammonia occasions the same precipitate very sparingly so*' 
luble in excess of the precipitant. 

The alkaline carbonates precipitate hydrate of alumina with 
the evolution of carbonic acid. 

JPhosphate of soda produces a precipitate soluble in free 
acids and in potassa. 

Silicate of potassa (soluble glass) produces a precipitate 
(silicate of alumina) in solutions of this oxide in potassa. 

Before the hlotopipe, alumina and many of its compounds 
may be detected by heating the assay on charcoal, then moist- 
ening it with solution of protonitrate of cobalt, and again 
heating it strongly in the oxidizing flame. A fine bltie colour 
is produced. 

Characteristic, — The reactions with sulphide of ammonium, 
potassa, and nitrate of cobalt. 

4 

36. Oxide of GTltjcinum. (GHgOg,) 

' General characters, — This earth, when pure, has neither taste 
tior smell ; it is insoluble in water, and infusible ; but it does 
not harden in the fire like alumina, neither is the paste which 
it forms with water plastic. Its soluble salts have a sweet 
taste with a slight astringency. They do not yield an alum 
with sulphate of potassa. 

Comportment of Salts of Glucinum with reagents, 

Potassa and soda precipitate hydrate of glucina soluble in 
excess of the precipitants, but again precipitated by long boil- 
ing. Chloride of ammonium also precipitates the earth from 
its alkaline solution. 

Ammonia produces a voluminous precipitate, insoluble in 
excess of precipitant ; the presence of chloride of ammonium 
does not prevent the formation of this precipitate. 

• The carbonated alkalies occasion a bulky precipitate, which 
is soluble in great excess of the precipitants, but more easily 
in carbonate of ammonia than in carbonate of potassa. 

Phosphate of soda produces a voluminous precipitate. 

Before the blowpipe, glucina and its salts cannot well be de- 
tected ; they do not become blue when strongly heated with 
protonitrate of cobalt, like alumina. 

• Sulphide of ammonium precipitates hydrate of glucina with 
the extrication of sulphuretted hydrogen. 

Glucina is distinguished from aluminoi by its reaction^ with- 
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idkaline carbonates ; by its salts not yielding alum with sul- 
phate of potash ; and by its not becoming blue when heated 
before the blowpipe with nitrate of cobalt. 

37. Oude of Tttrium. (TO.) 

General characters. — This rare earth is of a pale-yellow co- 
lour. Its specific gravity is 4*842 ; it is therefore heavier than 
baryta, the specific gravity of which is 4*000. It is soluble in 
acids after ignition. It gradually absorbs carbonic acid from 
the atmosphere. Many of its salts, and especially the sulphate, 
have a faint amethyst-red colour, and a sweetish taste. Ac<» 
cording to Mosander, three bases have been included under 
the name of yttria^ one of which he calls erbia^ and the other 
terhia. 

Comportment of Salts of Yttrium with their reagents. 

Totassa, soda, and ammonia produce white voluminous pre- 
cipitates, insoluble in excess of the precipitants, even by heat. 

UTie carbonated alkalies produce precipitates soluble in excess 
of the precipitants, particularly in carbonate of ammonia ; from 
the latter solution crystals of double carbonate of ammonia and 
yttria may be obtained. 

Sulphate of potassa produces, after a time, a precipitate^ 
which is completely redissolved on the addition of water, even 
in the presence of sulphate of potassa. 

Phosphate of soda produces a precipitate soluble in hydro* 
chloric acid, from which it is again thrown down by boiling. " 

Ferrocyanide of potassium (KgFeCys) occasions a white pre- 
cipitate. 

Before the blowpipe, yttria cannot with certainty be detectecj. 
AccordiBg to Plattner, phosphate of yttria may l)e recogniaed 
by giving a regulus of phosphide of iron with boracic acid and 
iron, and from the difficulty with which it is dissolved by mi- 
crocosmic salt. 

38. Oxide or THOEiNirM. (ThO.) 

General characters, — This rare earth is, when quite free from 
manganese, white. It is the heaviest of all the earths, its spe- 
cific gravity being 9*402. Its solutions have an astringent 
taste; it absorbs carbonic acid from the air. "When moist, the 
hydrate dissolves readily in acids ; but after having been dried, 
it is acted on with difficulty. The calcined earth is only at- 
tacked by hot sulphuric acid. Sulphate of thorina is, accord- 



78 QUALITATIVE ANALYSIS. 

ing to Berzelius, distinguished from all other oxidized bodies 
known, by its property of being precipitated by boiling, and 
slowly redissolving on cooling. 

Behaviour of solutions of Oxide ofThorinum with reagents, 

Fotassa and ammonia produce a quickly subsiding precipitate, 
insoluble in excess of the precipitants. 

The carbonated alkalies produce a precipitate dissolving rea- 
dily in excess of the precipitants. 

Sulphate ofpotassa produces a double salt, insoluble in water 
containing sulphate of potassa. 

Ferrocyamde of potassium occasions a heavy white precipi- 
ate, soluble in acids. 

Before the hlou?pipe, the reactions of thorina have not been 
studied. 

39. Oxide of Zirconium^. (ZgOg.) 

General eharacters, — When pure and calcined, glucina is a 
white infusible powder; when ignited, it becomes brilliantly 
incandescent : it is sufficiently hard to scratch glass. Its spe- 
cific gravity is 4'3. After having been ignited, it is soluble 
only in concentrated sulphuric acid. Its soluble salts have a 
purely astringent taste, without any sweetness. 

Comportment of Salts of Oxide of Zirconium with reagents. 

Botassa and ammonia produce precipitates insoluble in excess 
of the precipitants. 

The carbonated alkalies produce precipitates slightly soluble 
in excess of the precipitants ; the hydrate of zirconia is solu- 
ble in carbonate of ammonia, but very sparingly so in the car- 
bonates of the fixed alkalies. 

JFerrocyanide of potassium occasions a white precipitate. 

Sulphate of potash produces a white double salt, almost in- 
soluble in water. 

Before the blowpipe^ the reactions of zirconia are similar to 
those of glucina, &om which it is distinguished by the vivid 
white light which it emits when ignited. 

40. Sesquioxidb of Cheomiitm:. (Cr^Og.) 

General characters, — After ignition it is of a fine green co- 
lour, and is only soluble in hot sulphuric acid : the hydrate is 
of a greyish-green colour, and is readily soluble in acids, form- 
ing green solutions under reflected, and red by transmitted^ 
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ligbt ; but if the hydrate has been strongly dried, but not ig- 
nited, it dissolves in acids with difficulty. 

Comportment of solutions of Salts of Chromium with reagents, 
(Solution of Sesquichloride of Chromium, Or^Clg, may be used.) 

Sulphide of ammonium produces a bluish-green precipitate 
of hydrate of sesquioxide of chromium, sulphuretted hydrogen 
being disengaged. 
Cr2Cl3 + 3NH4S + 6HO = Cr203,3HO-f3NH4Cl + 3HS. 

Potassa produces a bluish-green precipitate (Cr^ 03,3 HO), 
readily soluble in an excess of the precipitant, forming a green 
solution, from which the green anhydrous oxide is re-precipi- 
tated by boiling, either alone or with chloride of ammonium. 

Ammonia and carbonate of ammonia produce a bluish-green 
precipitate, partially soluble in the precipitant, to which it im- 
parts a red colour ; but the precipitation is complete by boiling 
the ammoniacal solution. 

Carbonate of potassa or soda produce a bluish-green precipi- 
tate, soluble completely in considerable excess of the precipi- 
tant, and not re-precipitated by boiling. 

Phosphate of soda produces a light green precipitate. 

Any compound of oxide of chromium when fused with nitre 
gives rise to the formation of chromate of potassa (K0,Cr03), 
which is soluble in water, and to which it communicates a yel- 
low colour. 

.Before the bloujpipe, the presence of oxide of chromium is 
easily detected by the beautiful green bead obtained when it is 
heated with borax or microcosmic salt, both in the inner and 
outer flame: oxide of copper gives also a green bead, but only 
in the outer flame. 

Characteristic. — The colour of its salts; their conversion 
into chromic acid ; and the reaction in the blowpipe flame. 

41. Titanic Acid. (TiOg.) 

General characters. — It is a white, insipid, infusible powder ; 
when heated, it assumes a fine yellow colour, but again becomes 
colourless on cooling. It reddens infusion of turnsole even 
after having been exposed to a red-heat, though the calcination 
renders it insoluble in acids. 

Comportment of solutions of Titanic Acidmth reagents. 

Ammonia precipitates a white gelatinous hydrate, soluble 
with great readiness in acids, and soluble also in small quantities 
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in the carbonated alkalies : it is precipitated from its solution in 
carbonate of ammonia bj long boiling : its solution in carbonate 
of potassa or soda is precipitated by boiling with sal-ammoniac. 

Titanic acid is precipitated as a heavy white powder from its 
acid solutions by continued boiling : this precipitate cannot, 
however, be washed on a filter with pure water (Rose) : ac- 
cording to Berzelius, it can be completely precipitated from its 
solution in sulphuric acid by long-continued boiling. 

The caustic alkalies and sulphide of ammonium do not preci- 
pitate titanic acid in the presence of a sufficient quantity of 
tartaric acid. 

Ferrocyanide of potassium produces a red-brown precipitate. 

Sulphite of ammonia (NH^OjSOg), aided by a gentle heat, 
completely precipitates titanic acid. If, in a solution of titanic 
acid, or an alkaline titanate, in hydrochloric acid, a bar of zinc^ 
tin, or iron be placed, the titanic acid will foe reduced to ses^ 
quioadde of titanium (TigOg), and the liquor will acquire a blue 
or violet colour ; after a time, however, a violet powder is pre- 
cipitated, and the liquid becomes colourless. This is charac- 
teristic of titanic acid. 

Before the hlotcpipe, pure titanic gives in the reduction flame, 
with microcosmic salt, a violet bead ; the reaction is observed 
better on adding metallic tin ; in the presence of peroxide of 
iron the glass appears, when strongly heated in the reducing 
flame, yellow, and on cooling, red ; with borax no alteration is 
produced by the presence of iron. 

General Remarks on the Oxides of the Third Group, 

Alumina and glueina are both dissolved readily by caustic 
potassa ; but the two earths are distinguished from each other 
by the latter being precipitated from its alkaline solution by 
boiling, and by its hydrate being soluble in carbonate of am- 
monia. Yttria, thorina, and zirconia are not soluble in caustic 
potassa ; yttria is distinguished from the other two earths by 
the double salt which it forms with sulphate of potassa being 
soluble in solution of sulphate of potassa ; whereas the double 
salts formed by thorina and zirconia are not soluble in sulphate 
of potassa. These two latter earths are not very easily distin- 
guished from each other ; but the precipitate produced by car- 
bonated alkalies in solutions of thorina is much more soluble in 
carbonate of potassa than the corresponding precipitate in so- 
lution oi zirconia, Thorina is, moreover, more than double the 
density of zirconia, which is distinguished again by the glaring 
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white liglit which it produces when strongly ignited. The 
colour of the salts of chromium, and their behayiour before the 
blowpipe, is quite sufficient to distinguish this oxide from all the 
other members of the group. Titanic acid is distinguished by 
the blue colour produced on bringing a rod of zinc or iron into 
contact with its acid solutions. 

This group may be subdivided into two sections by the com- 
portment of its members with caustic potassa ; thus alumina, 
glaucina, and oxide of chromium, are soluble in this alkali : the 
Qsfcher members are insoluble. 



GROUP IV. 

Metallio Oxides not precipitated firom their a.cid solutions 
by Hydrosulphnric Acid, but completely precipitated 
by Sulphide of Ammonium as Sulphides. 

{Oxides of ZinCy Nickel, Cobalt, Manganese, Iron, and Uranium.) 

42. Oxide or Zinc. (ZnO.) 

General characters, — When pure it is white; it becomes 
yellow when heated^but on cooling its whiteness usually returns, 
though sometimes it retains it yellow tinge. It is sometimes 
obtained crystalline, and is then always yellow. When the 
metal is burned in the air, the oxide is obtained of snowy 
whiteness, and in light flocks. In this state it has been called 
" philosophical wool." It has a remarkable affinity for alumina ; 
a combination of the two oxides in atomic proportions is met 
with in the mineral kingdom crystallized in regular octahedra, 
and is known under the name of Gahnite, 

Comportment of solutions of Salts of Zinc with reagents. 
(Solution of Sulphate of Zinc may be used.) 

Potassa and ammonia produce in neutral solutions a white 
gelatinous precipitate (ZnO, HO), readily soluble in an excess 
of the precipitants. 

Sydrosuiphutric add produces in neutral solutions a white 
precipitate (ZnS); in acid solutions no precipitate is formed. 

Sulphide of ammonium completely precipitates salts of zinc, as 
ZnS, insoluble in an excess of the precipitant, as well as in 
potassa and ammonia. 

The carbonates of the^ed alkalies precipitate basic carbonate 
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of zinc (3fl.O,ZnO +2ZnO,C03), qu^te insoluble in an ex^ 
cess of the precipitants, but soluble in potassa and in ammonia, 
Tbe presence of auy salt of the latter prevents the formation 
of this basic salt, a soluble double salt of zinc and ammonia 
being formed. 

Carbonate of ammonia produces a white precipitate, soluble 
in an excess of the precipitant. 

Phosphate of soda produces a precipitate soluble in acids, and 
in potassa and in ammonia. 

Oxalic acid and hinoxalate of potassa occasion precipitates 
which are soluble in acids and in fixed alkalies, but the forma- 
tion of which is not prevented by sal-ammoniac. 

Ferrocyanide of potassivm produces a white gelatinous pre- 
cipitate, insoluble m free hydrochloric acid. 

Ferridcyanide of potassium produces a yellowish-red precipi- 
tate, soluole in hydrochloric acid. 

Before the blowpipe, zinc salts are easily detected. Heated 
with carbonate of soda on charcoal in the reducing flame me- 
tallic zinc is produced, which volatilizes, and on coming into 
contact with the air is again oxidized, and the charcoal becomes 
covered with a sublimate, which, when hot, is yellow, but on 
cooling white, and gives when heated in the oxidating flame 
with a few drops of protonitrate of cobalt a beautiful and cha- 
racteristic green colour. 

Characteristic. — The reactions with potash ajid.sulphuretted 
hydrogen, and before the blowpipe. 

43. Oxide of Nickel. (NiO.) 

General characters. — The pure oxide is of a deep ash-grey 
colour ; it is not magnetic ; it dissolves readily in acids ; its hy- 
drate is of an apple-green colour. 

Comportment of solutions of Salts of Nickel with reagents » 
(Solution of Sulphate of Nickel may be used.) 

Potash produces a bright green precipitate, insoluble in an 
excess of the precipitant, but soluble in carbonate of ammonia. 

Ammonia precipitates the same green hydrate, but an excess 
redissolves it, forming a' clear blue solution, from y^hia^ potassa 
again precipitates the hydrate. 

Hydrosulphuric acid does not precipitate acid solutions of 
nickel. In neutral solutions, after a time, an inconsiderable 
black precipitate ^s formed ;- but in the presence of an alkaline 
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aeetate, aided by a gentle heat, sulphuretted hydrogen effects a 
complete precipitation. 

Sulphide of ammonium produces a black precipitate (NiS), par- 
tially soluble in an excess of the precipitant ; hence, after the 
subsidence of the precipitate, the fluid remains black. 

Alkaline carbonates produce a pale green precipitate, soluble 
in carbonate of ammonia. 

Phosphate of soda occasions a very pale yellow precipitate. 

Ferrocyanide of potassium produces a pale yellowish-green 
precipitate. 

Cyanide of potassium throws down a greenish-white precipi- 
tate (NiCy), which an excess redissolves into a brownish-yellow 
liquid (Ni Cy, K Cy + H CI = Ni Cy + K CI + H Cy) ; on the ad- 
dition of a mineral acid, cyanide of nickel is again precipi- 
tated, and hydrocyanic acid set free. 

Before the blowpipe, salts of nickel, heated in the outer flame 
with borax or microcosmic salt, give a reddish-coloured bead. 
The addition of nitre changes the colour to dark purple or 
blue : heated in the inner flame on charcoal with carhonate of 
soda, reduction takes place, and renders the bead grey. 

Characteristic. — The reactions with ammonia and cyanide of 
potassium. . 

44. Oxide of Cobalt. (CoO.) 

General characters. — As obtained by the calcination of the 
carbonate, it is of an ash-grey colour ; as obtained by the com- 
bustion of the metal, it is blue or greyish-blue ; as precipitated 
from its solutions by caustic potassa, it has a fine blue colour. 
When this precipitate is boiled for some time, it assumes by 
degrees a violet,, and finally a dirty red tinge, which, according 
to Proust, is the hydrate : the blue precipitate is considered by 
some chemists to be a basic salt. It dissolves by fusion with 
vitreous fluxes, communicating to them a magnificent blue 
colour, or if in excess, black. 

Comportment of solutions of Salts of Cohalt with reagents. 

J?otassa produces a blue precipitate, insoluble in an excess of 
the precipitant, but soluble in carbonate of ammonia ; the pre- 
cipitate becomes green by exposure to the air, and dingy-red 
when boiled. 

Ammonia produces a blue precipitate, which an excess redis- 
^veSy forming a solution which is at first green, but which by 
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exposure to the air becomes brown ; if sal-ammoniac be present 
in sufficient quantity, neither potassa nor ammonia produce any 
precipitate, though, if air hare access, the solution gradually 
becomes brown. 

The alkaline carbonates produce a red precipitate, which upon 
being boiled becomes blue. 

FhospJiate of soda occasions a blue precipitate. 

Ferrocyanide of potaasitm, giyes a green precipitate, which 
gradually turns grey. 

Ferridcyanide of potassvum gives a dark reddish-brown pre- 
cipitate. 

Hydrosulphuric add in acid solutions occasions no precipi- 
tate : in neutral solutions, after a time, a slight black precipi- 
tate, the solution acquiring a dark colour. 

Cyanide of potassium throws down CoCy as a brownish 
white precipitate, easily soluble in excess of the precipitant ; on 
the addition of hydrochloric acid no precipitate takes place, 
the whole of the cobalt passing into the state of cohalto-cyanide 
of potassium; thus: — 

2CoCy + 3KCy + HCy = (CogCyeKg) + H, 
which is not decomposable by weak acids. 

Sulphide of ammonium produces a black precipitate, insolu- 
ble in excess. 

Before the blowpipe, salts of cobalt are distinguished by the 
beautiful blue colour they communicate to borax and microcos- 
mic salt, in botb oxidating and reducing flames. Heated with 
carbonate of soda in the reducing flame, a grey powder (metallic 
cobalt) is produced. 

Gharacteristic. — The reactions with potash, ammonia, and 
cyanide of potassium, and before the blowpipe. 

45. Oxide oe Manoakese. (MnO.) 

General characters, — It is of a greyish-green colour. "When 
prepared by igniting the carbonate or oxalate in an atmosphere 
of hydrogen, it absorbs oxygen from the air, gradually becom- 
ing brown. The oxide, prepared by fusing the chloride with 
anhydrous carbonate of soda, undergoes no alteration by ex- 
posure to the air. The hydrate when first precipitated is white, 
but on exposure to the air it gradually becomes brown. This 
oxide possesses, in common with magnesia and oxide of iron, 
the property of only being partially precipitated by ammonia, 
and of carrying with it a portion of silicic acid when precipi- 
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tated from a liquid holding tbis acid in solution. The salts of 
oxide of manganese are 'sometimes colourless, and sometimes of 
ft pale rose-colour. 

Comportment of solutions of Salts of Manganese with reagents. 
(Solution of Sulphate of Manganese may be used.) 

Totash and ammonia produce precipitates which at first are 
white, but soon become coloured, first yellow, then brown, and 
finally nearly black : if ammoniacal salts be present, ammonia 
occasions no precipitate, and potassa only a partial one, which 
slowly becomes brown by exposure to the air. A clear am- 
moniacal solution containing oxide of manganese gradually 
gets turbid by exposure to the air, brown hydrated sesquioxide 
of manganese being deposited. 

The carbonated alkalies produce a white precipitate of car- 
bonate of manganese, which is permanent in the air, and spa- 
ringly soluble in sal-ammoniac. 

Phosphate of soda produces a white precipitate persistent in 
the air. 

Ferrocydnide of potassium produces a pale red precipitate, 
soluble in free acids. 

Ferridcyanide ofpotassium gives a brown precipitate,insoluble 
in free acids. 

Hydrosulphuric acid does not precipitate either acid or neutral 
solutions. 

Sulphide of ammonium produces a flesh-red precipitate 
(Mn S), insoluble in excess, but soluble in mineral acids and 
even in strong acetic acid \ by exposure to the air it becomes 
oxidized, finally assuming a brownish-black colour. 

JPuce-coloured oxide of lead (binoxide), heated with pure 
dilute nitric acid, produces when added to a solution of a salt of 
manganese, a fine crimson colour (permanganic acid, MugOyHO). 

By fusing any salt of manganese on platinum foU with a 
mixture of nitre and carbonate of soda, mmtganate of soda of a 
fine green colour is produced ; the smallest portion of manga- 
nese may in this manner be detected. 

Before the blowpipe^ fused in the oxidating flame with borax 
or microcosmic salt, salts of manganese give an amethyst- 
coloujed bead, the colour of which disappears in the reducing 
flame, but may again be produced in the oxidating flame. 

Characteristic, — The reactions with sulphide of ammonium 
and binoxide of lead^ and with carbonate of soda with heat. . 
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46. Peotoxide or Ieon. (FeO.) 

General characters, — This oxide, which is only obtained pmi© 
with extreme difficulty, is black, and has frequently a metallic 
lustre ; it is brittle ; fuses at a high temperature ; and on cool* 
ing is converted into a brittle, brilliant, but not vitreous mass. 
It is dissolved in acids with great difficulty, after having been 
exposed to a red-heat ; but the salts formed are identical with 
those obtained by dissolving the metal itself in the respective 
acids. It is very feebly magnetic, by which it is distinguished 
from the ferrosoferric oxide (FeOjFcgOg), which is strongly 
magnetic. It combines with water, forming a hydrate which, 
when pure, is white ; but by contact vnth the atmosphere it 
speedily becomes coloured ; first grey, then green, then bluish-* 
black, and finally yellow. "When boiled m an hermetically 
closed vessel, it parts with its water, and becomes black. It is 
the basis of all the protosalts of iron. 

Comportment of Salts of Protoxide of Iron with reagents^ 
(Solution of Protosulphate of Iron may be used.) 

Potassa and ammonia produce a flocculent precipitate of hy- 
drated protoxide of iron, which at first is nearly white, but 
which readily becomes coloured by exposure to the air. The 
presence of ammoniacal salts prevents the precipitation of 
oxide of iron by ammonia, and in some degree by potassa. 

Alkaline carbonates produce a white carbonate, gradually 
becoming coloured, though not so readily as the oxide. It is 
soluble in sal-ammoniac, but a coloured precipitate makes its 
appearance by exposure to the air. 

Phosphate of soda produces a white precipitate, which after 
a time becomes green. 

Ferrocyanide of potassium modncea a precipitate, which, if 
air be entirely excluded, is wnite (KjFegCfyg) ; but, if air or a 
small quantity of sesquioxide of iron be present, it has a blue 
tinge ; by exposure to the air, or by contact with nitric acid 
or Chlorine, it absorbs oxygen, and gives rise to the formation 
of Prussian blue. The transformation will be understood &om 
the following equations : — 

(a,) 3FeCl + 2K2,Cfy = 3KCl + KPe3Cfy2. 
(b.) 3(K,Fe3Cfy2)+4 = 2(Fe4Cfy3) + 3KOH-FeO. 

I^ssian blue is insoluble in hvdrochloric acid ; its colour is 
discharged by the fixed caustic alkalies. 
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; Ferridcyanide of potasnum (K^Cty^) produces a beautifid 
blue precipitate, insoluble in acids, but easily decomposable by 
alkalies. The composition of this substance is CfygFg, and it 
js thus formed : — 

SFeCl + KjCfygsr 3KC1 + CfygFeg (TurnbulVs blue). 
* Hydrosulphurie ctcid does not precipitate acid solutions of 
oxide of iron \ and neutral com])ounds very incompletely. 

Sulphide of ammonium produces a black precipitate, speedily 
becoming brown by exposure to the air. It is insoluble in 
alkalies and alkaline sulphides, but easily soluble in mineral 
acids. 

Before the hlotopipe, protosalts of iron heated on charcoal 
with borax or microcosmic salt in the oxidating flame give dark- 
red beads, becoming lighter on cooling ; in the inner flame the 
colour produced is green, which disappears on cooling, if the 
metal be not present in too large quantity. When fused with 
soda on charcoal in the reducing flame, a metallic magnetic 
powder is obtained. 

Characteristic. — The reactions with ferrocyanide and ferrid- 
cyanide of potassium, 

4i7. SBSQrroiTDB ov Ieojt. (FcgOg.) 

General characters, — Its colour and physical appearance 
difler according to its mode of preparation. It is met with in 
nature of a grey colour, and crystalline ; as prepared by the 
calcination of the subsulphate of the sesquioxide, it has a flue 
red colour ; from the sulphate its colour is deeper, and when 
made from the nitrate it is brownish-black ; and it is sometimes 
met with quite black. By the action of a high heat it is con- 
verted into ferrosoferric oxide (FeO,Fe203) with the disengage- 
ment of oxygen gas. It does not dissolve very readily save in 
concentrated acids, after having been strongly heated., though 
much more easily than the protoxide. It is not easily preci- 
pitated from its solutions by means of an alkali or an earth. 
If too little alkali be added, a subsalt is thrown down ; if too 
much, a portion is precipitated with the oxide. When iron 
is oxidized by degrees in contact with a large quantity of 
water, a hydrate of the sesquioxide of a clear orange colour is 
formed. 
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Gomportment of goluti&ns of Salts of Sesquioaide of Iron with 

reagents. 

(Solution of Sesquichloride of Iron may be used.) 

Fotassa and ammonia produce a yoluminous reddish-brown 
hydrate, insoluble in excess. The precipitation is prevented by 
the presence of organic acids, sugar, etc. 

FeaClg + 8NH3 + 6H0 = re208,3HO + 3NH.C1. 

The carbonated alkalies throw down precipitates 01 rather a 
lighter colour, carbonic acid being at the same time disengaged. 

Fhosphate of soda produces a white precipitate of phosphate 
of sesquiozide of iron of yarjing composition, which becomes 
brown, and finally dissolves on the addition of ammonia. 

Ferrocyanide of potassium produces a beautiful blue precipi- 
tate (Fe^Cfvg) by the following reaction : — 

2 FeCH- 3K2Cfy= Ee^Cfyg + 6KC1. 

SulpTuxsyanide of potassium produces a rich blood-red colour, 
even in very dilute solutions (FeCySg). 

Sydrosulphuric acid produces in neutral solutions a white 
deposit of sulphur, the sesquioxide being reduced to protoxide 
thus: — 

Fe203-fHS = 2FeO + HO + S. 

Sulphide of ammonium produces in neutral solutions a black 
precipitate, insoluble in excess, and becoming brown by expo- 
sure to the air. This precipitation is preceded by the reduction 
of the sesquioxide into protoxide. 

• Before the blowpipe, salts of sesquioxide of iron behave in 
the same manner as those of the protoxide. 

Characteristic reactions, — Thosewith ferrocyanide andsulpho- 
cyanide of potassium. 

48. Sesquioxide op XJeanium. (TJrgOg.). 

General characters, — The hydrate is a beautiful yellow 
powder, soluble in acids, forming fine yellow solutions ; heated 
to about 300°, it loses its water and becomes anhydrous ; it 
then has a bright brick-red colour. Heated above that tem- 
perature, it loses oxygen and becomes converted into uranoso^ 
uranic oxide (UrO, IJrgOg) of a deep-grey colour. Sesquioxide 
of uranium reddens moistened turnsole paper, though it blues 
paper stained red with infusion of logwood. It produces, 
therefore, the reaction of acid and base. According to 
BerzeHus, this substance should more properly be called uranic 
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acid; it9 properties being rather those of an electro-negative 
than of an electro-positive oxide. It forms definite compounds 
with bases, all of which are insoluble in water ; and, when pre- 
cipitated from its solution in an acid by means of an alkali, 
the latter is divided into two portions, and the precipitate ob- 
tained is a wrcmate. 

Comportment of solutions of Salts of Sesquioxide qf Uranium 

with Iteagents, 

(Solution of the Nitrate of the Sesquioxide of Uraniom xdaj be used.) 

Caustic alkalies precipitate uranates of the bases of a pale 
yellow colour. 

Alkaline carbonates produce pale yellow precipitates, soluble 
in excess of carbonate of ammonia, but again precipitated by 
boiling. 

Sulphite of ammonia produces at a boiling temperature a 
yellow precipitate. 

Ferrocyanide of potassium gives a reu orown precipitate. 

Sydrosulphuric acid reduces salts of sesquioxide with the 
deposition of sulphur ; but sesquioxide is again produced by ex- 
posure to the atmosphere, or by the action of oxidizing agents. 

Sulphite of ammonia produces a black precipitate. 

Before the blowpipe, heated alone on charcoal, sesquioxide of 
uranium is converted into protoxide ; heated with microcosmic 
salt on platinum wire in the oxidating flame, it dissolves, pro* 
ducing a clear yellow glass, which on cooling becomes green. 

Characteristic. — The reactions with the caustic and carbo^ 
nated alkalies and with ferrocyanide of potassium. 

General Bemarks on the Ooddes of the Fourth Group. 

Of the seven oxides constituting this gcow^, oxide of zinc' 
alone is soluble in caustic potassa. It is thus readily separated 
from the other six, and it is distinguished from alumina, oxide 
of chromium, etc., members of the third group, by its being 
again precipitated from its alkaline solution by sulphuretted 
hydrogen. Oxides of zinc, cobalt, iron, and manganese form 
with ammonia soluble double salts not precipitable by alkalies. 
Oxide of iron is easily eliminated from the othel* three oxides, 
by converting it into sesquioxide, by boUing with nitric acid or 
with chlorate of potash. It is then completely precipitated by 
ammonia, provided no non-volatile organic matter be present. 
The same is the case with sesquioxide of uranium. Hydrate of 

a 2 
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oande of nickel is dissolved by ammonia^ but again precipitatied> 
bj potaasa, Hydrated oxide of nickel and hydrated oxide of 
cobalt are both soluble in carbonate of ammonia, which is not 
the case with hydrated protoxide of manganese, which may thus/ 
therefore, be separated from them. The perfect separation of 
oxide of nickel from oxide of cobalt is attended with great 
di£Qculties. The presence of nickel mty be recognized by the 
behaviour of the solution of its cyanide in cyanide of potas- 
sium with hydrochloric acid, which precipitates it, the same 
not being the case with cyanide of cobalt. In the former case 
a double cyanide of nickel and potassium (NiCy,KCy) is 
formed ; but in the latter, with the presence of free hydro-, 
cyanic acid, a cobaltocyanide of potassium is formed. Thus : — 

2CoCv + 8KOy + HCy = K3C02Cy- + H. 
Kow, though the solution of cyanide of cobalt in cyanide of 
potassium is not precipitated by an acid, it may be so in the 
presence of nickel, and if that metal be present in the proper-, 
tion of three equivalents to two equivalents of cobalt, the whole 
of the latter will be precipitated, — the three equivalents of 
nickel replacing the tnree equivalents of potassium in the 
cobaltocyanide of potassium, and giving rise to cobaltocyanide 
of nickel (NsCooCyg). Thus: — 

3(NiCy + KCy) + Co^K^Cj^^^^Gj-^Co^m^Qj^, 
The blowpipe is, moreover, an infallible test of the presence 
of oxide of cobalt. 
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Metallic Oxides precipitated from their solutions, whe- 
ther acid, alkaline, or neutral, as Sulphides by Hydro- 
sulphuric Acid. 

(Oxides ofLeady Silver, Mercury, Bismuth, CadnUum, Copper, Petlladium, 

Iridium and Osmium,) 

49. Peotoxidb op Lead. (PbO.) 

General characters. — "When pure, this oxide is yellow, but its 
powder has a reddish tint. When certain lead salts, as the sub- 
nitrate and oxalate, are decomposed by heat without fusion, they 
furnish an oxide of a pure sulphur-yellow colour, which by tri- 
turation becomes red: in this state it is sometimes called, 
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muusicot By allowing a solution of oxide of lead, in caustic 
soda, to remain for some months exposed to the air, white, semi> 
^transparent, dodecahedron crystals of anhydrous oxide may be 
obtained. The same crystals, according to Pay en, are formed 
on mixing a dilute solution of acetate of lead, with great ex- 
cess of caustic ammonia, and exposing to the rays of the sun. 
Protoxide of lead becomes of a deep-red colour when heated, 
regaining its primitive colour on cooling : at a red heat it fuses 
and cools in semitransparent, deep brick-red, crystalline scales ; 
at a still higher temperature it undergoes partial decomposition, 
the metal being reduced. It absorbs carbonic acid slowly from 
the air ; hence an effervescence generally attends its solution 
in an acid. Pure water is capable of retaining in solution from 
Tinny *^ i^iotf ^^ oxide of lead. The hydrate is white, and ab- 
sorbs carbonic acid rapidly from the air. It loses its water at 
about 300°. Protoxide of lead combines with alkalies and 
earths ; its combinations with potassa and soda are crystalliza- 
ble. It enters into fusion with, and dissolves, the earths with 
great facility. Its best solvent is nitric or acetic acid. 

Comportment of solutions of Salts of Lead with reagients. 
(Solution of Nitrate or Acetate of Lead may be used.) 

Fotassa and ammonia produce white precipitates, which are 
basic salts, soluble in a great excess ofpotassa, but insoluble in 
ammonia. 

The carbonated alkalies ^Toince white |R*ecipitates, soluble in 
potassa. 

^Phosphate of soda occasions a white precipitate, soluble in 
potassa. 

Oxalic add produces, in neutral solutions, a white preci- 
pitate. 

JFerrocyanide of potassium produces a white precipitatei solu- 
ble in potassa. 

Iodide of potassium produces a- yellow precipitate,, soluble in 
great excess by heat, and separating on cooling, in magnificent 
yellow spangles. (Pbl.) 

Chromaie of potassa produces a fine yellow precipitate, solu- 
ble in potassa, but insoluble in dilute nitric acid. (PbOyCrOg.) 

Hydrochloric acid and soluble chlorides produce a heavy white 
precipitate, soluble in boiling water, out of which it separates, 
on cooling, in brilliant cryst^ff; This precipitate is s6luble in 
potassa. (PbGl.) 
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Mydro8ulp%uric acid produces a black precipitate^ both in 
acid and neutral solutions. (PbS.) 

Sulphide of ammonium produces a black precipitate, insoluble 
in excess. 

Sulphuric acid and soluble sulphates produce a white precipi*' 
tate (FbOjSOg) sparingly soluble in dilute acids, but soluble in 
solution of potassa, and assuming a black colour when moist* 
ened with hjdrosulphuret of ammonia. 

Before the hlowpipCy on charcoal, mixed with carbonate of 
soda, salts of lead are immediately reduced, iurnishing a me* 
tallic globule, which gradually sublimes, leaving a yellow resi- 
due. The metallic globule can easily be flattened under the 
hammer. 

Characteristic reactions, — Those with sulphuric and hydro- 
chloric acids and with sulphuretted hydrogen* 

50. Poisoning hy Lead, Detection of the Metal in Organic 

Mixtures. 

The vegetable aeids and alkaline and fatty substances dis- 
solve protoxide of lead, forming salts of a poisonous character ; 
and as the glaze of earthenware vessels employed for culinary 
purposes usually contains oxide of lead, the accidental adultera- 
tions of food and liquids which have been prepared or allowed 
to remain for some time in such vessels, are not of uncommon 
occurrence. Pies which have been baked in a newly glazed 
vessel have been known to become contaminated with oxide of 
lead, and to have occasioned the peculiar symptoms of lead poi- 
soning in the persons partaking of them. The presence of the 
deleterious metal in the food, in cases of this kind, is proved 
by moistening the articles with sulphide of ammonium, by 
which they become of a more or less brown colour ; and lead is 
detected in the glaze of the vessels by boiling in them acetic 
acid or caustic potass, by which the oxide becopaes dissolved;, 
Cases of poisoning by the accidental impregnation of articles 
of drink with oxide of lead would probably be more frequent, 
but for the property possessed by some vegetable substances, 
particularly those containing tannin or galHc acid, of forming 
insoluble compounds ; but, as a general rule, no substances 
used for food should be kept in leaden vessels, neither should 
liquids containing free acid, or in which a vegetable acid is 
likely to be formed, be kept for any length of time in a newly 
glazed earthenware vessel. Dr. Christison relates a case in 
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vhlch lead colic, paralysis, and death were occasioned by eat- 
ing the cream which formed on milk kept in a leaden cistern. 
Wines have been accidentally impregnated with oxide of lead, 
in consequence of the bottles having been cleaned with shot, 
and some of the pellets lefb behind ; the impregnation is not 
very likely to occur to any injurious extent in good wine, such 
as port -or sherry, but in acid wines, such as currant or goose- 
berry, a sufficient quantity of the oxide might be dissolved to 
produce serious consequences. Wines have been also designedly 
adulterated with oxide of lead, to remove their acidity, and to 
give them a sweet taste ; this fraud was formerly practised to a 
considerable extent. It was detected and exposed in France 
by Fourcroy. In this country it does not appear to have been 
pursued to any material extent ; though, before the poisonous 
nature of lead compounds was generally known, British wines 
must have been frequently adulterated, for, in an old cookery 
book, quoted by Sir G. Baker, the following recipe occurs : — 

" To hinder Wine from tu/ming. — Put a pound of melted lead 
in fair water into your cask, pretty warm, and stop it close." 
. Cider^ also^^s apt to become impregnated with salts of lead, 
in consequence of the metal being used for various purposes in 
the construction of the cider house ; and although the source 
of the contamination was long ago pointed out by Sir G-eorge 
Baker, so recently as 1841 a set of cases which presented the 
incipient symptoms of lead colic were traced by MM. Chevalier 
and Ollivier to cider having been adulterated with lead to the 
amount of nearly two grains and a half per quart, in consequence 
of a publican having kept his cider for two days in a vessel 
lined with lead. The poisonous salt was found to be maktte, 
New rum is often found to contain lead, which it derives from 
the worm of the still ; old rum, on the contrary, rarely eon- 
tains the poison ; a circumstance which affords a good illustra- 
tion of the action of tannin in precipitating the metal in an 
insoluble form, for Dr. Traill states that the rum intended for 
immediate consumption is collected at once from the still into* 
glass bottles, while that intended to>be kept is received into oak 
casks. 

When oxide of lead\idj& to be looked for in liquids containing 
organic substances, a little nitric acid should be added previous 
to filtration, in order to redissolve any insoluble compound 
formed by the salts of lead with albumen and other organic 
principles, sulphuretted hydrogen is theii transmitted through 
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the clear liquor : if a dark-coloured precipitate is formed, the 
whole is boiled aud the precipitate collected on a filter. It is 
washed and dried, and then boiled with strong nitric acid, by 
which the sulphide of lead is wholly or in part converted into 
nitrate, which being soluble in water is filtered, neutralized by 
ammonia, and submitted to the general reagents as above* 
Should it be necessary to examine the insoluble matters, they 
are to be cut in small pieces and incinerated in a crucible 
with four parts of black flux ; any lead that may be present 
will be found fused into a small button at the bottom of the 
crucible, and may be removed from the carbonaceous matters 
by washing with water. If the metal is in the form of dry 
oxide, it is readily detected by the blowpipe on charcoal, or 
by mixing it with paste, spreading the mixture on a piece of 
card, drying .and burning it, when metallic lead is immediately 
produced. 

Poisoning by carbonate of lead is very common amongst whiter 
lead manufacturers and painters ; the poison finds its way into 
the system continuously and insidiously in minute quantities, 
inducing the complaint known as colica pictorum and paralysis. 
Cases of this form of poisoning have not been so frequent in 
manufactories of white lead since the practice has been adopted 
of grinding the carbonate in water. Dr. A. T. Thompson con- 
siders that the carbonate is the only compound of lead which 
Sossesses poisonous properties; and that if any other salt in small 
OSes becomes so, it is in consequence of its conversion into 
carbonate in the body. This opinion is not, however, adopted 
by Dr. Christis(m,> or by Dr. Alfred Taylor. Carbonate of lead 
is known by the following properties: — (1) it is blackened by 
sulphuretted hydrogen ; — (2) it is soluble with eflervescence in 
nitric acid ; if however, as is frequently the case with the com- 
mercial carbonate, it contains sulphate of lead or sulphate of 
baryta, the two latter substances remain undissolved by the 
nitric acid ; the presence of oxide of lead in the nitric acid 
solution is proved by the tests mentioned above ; (3) it is de- 
composed when ignited on platinum foil, leaving oxide of lead 
of a yellow colour ; (4) it is reduced on charcoal by the blow-r 
pipe, metallic lead being produced. 

51. Action of Water on Lead, 

Gmelin, in his elaborate ' Handbook of Chemistry,' sums up 
the state of our knowledge of the circumstances under which 
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water becomes impregnated with lead, thus : — 1. Gean lead, 
in contact with water and air, free from carbonic acid, yields a 
solution of oxide of lead, which turns reddened litmus-paper 
blue, is turned brown bj . sulphuretted hydrogen, and gives a 
white precipitate, with sulphuric acid. 2. "Water, freed from 
air by boiling, does not dissolye lead when kept in contact with 
it in a close vessel. . 8. Water which has been agitated with 
air takes up, in two hours, a quantity of oxide of lead amount* 
ing to between | ^ o 6 a ^^^ ii s lbd 5 ^* *^®^ reddens blue litmus- 
paper, and gives a brownish-black precipitate with sulphuretted 
hydrogen. 4. Spring water, containing li grains of saline 
matter in two pints, and no carbonic acid, when passed through 
a leaden tube 150 feet long, dissolves a quantity of lead suf- 
ficient to give a brown colour with sulphuretted hydrogen^ 
5. Distilled water, in contact with lead and air, free from car- 
bonic acid, dissolves y ^j^^ of oxide, acquires an alkaline re« 
action, and becomes turbid on exposure to the air. Morveau 
was the first to notice that the presence of small quantities of 
carbonic acid, sulphuric acid, or of various salts, either prevents 
or greatly diminishes the quantity of oxide of lead dissolved ; 
and Yorke found that when clean lead was exposed to spring 
water, 10 pounds of which .contained 1*21 grain of chloride of 
sodium and chloride of calcium, together with 6'4 grains of car- 
bonate of lime, a slight deposit of brown oxide took place on 
the surface of the metal, but no oxide was dissolved. In rela- 
tion to the important subject of the contamination of water by 
lead, Christison remarks.: '* Leaden pipes should not be used 
for conducting water,, unless lead remains untarnished after 
twenty-four hours' immersion ; they are unfit for the purpose 
if the water contains less than 3 ^\ ^t h of its weight of salts. 
If the quantity of salts exceeds this limit, and the salts consist 
mainly of sulphates and carbonates, leaden pipes may be used ; 
but if they consist chiefly of chlorides, even 1 part in 4000 is 
not sufficient to prevent the solution of the lead." That it is 
dangerous, however, to rely on the " preservative action " of 
sulphates and carbonates, even when the water contains such 
salts in considerable quantities, will be evident from the follow- 
ing analysis, made by the author, of a water, the action of which 
on the leaden cistern was so great that the bottom of the vessel 
was, after six months, eaten into holes. One gallon of this water 
contained nearly 78 grains of solid matter, the composition of 
which was-r- ... 
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Silica 0-24 

Carbonate of lime 15*09 

Carbonate of magnesia 18*97 

Sulphate of lime 16*32 

Sulphate of potassa 6*79 

Sulphate of soda 10*77 

Chloride of sodium Il'4i6 

Organic matters 410 

77*74 ^ 
If the organic matters dissolved in water contain nitrogen, 
nitric ttcid may be formed by the oxidation of that elemenl^ 
which may be greatly promoted by the presence of alkaline 
carbonates. Water impregnated with nitrates acts powerfully 
on lead, and if carbonates and sulphates are not also present, 
the water may hold in solution a very injurious quantity of lead 
salt. This is illustrated by the following analysis, maae by the 
author, of a well-water from Highgate, in 1848, which acted 
strongly on the leaden cistern in which it was stored. An im- 
perial gallon contained — 

Silica 0-896 

Sulphate of potash 17*044 

Sulphate of soda 9'515 

Chloride of calcium 6*920 

Chloride of sodium 9*632 

Nitrate of lime 40*120 

Nitrate of magnena 17*064 

Organic matters none 

100*191 
In their chemical report on the supply of water to the me- 
tropolis, addressed to the Secretarv ot State, in June, 1851, 
Professors Graham, Miller, and Hofmann give the following as 
the most practical conclusions which they arrived at after a 
long inquiry, undertaken to illustrate the action of water on 
lead, — ^a subject, they observe, of great difficulty, and still far 
from being exhausted : — 

Certain salts, particularly sulphates, to which a protecting 
effect is usually ascribed, did not appear to exercise uniformly 
that useful property. Some salts, on the other hand, such as 
chlorides, and more particularly mtrates, increase the solvent 
action of water. Of all protecting actions, that of carbonater 
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of limey dinolTed in carbonic acid, appeared to be the most 
considerable and sorest. The soluble oxide of lead is cooTertod 
into the carbonate, which, altiiongh not abaolatel j insoluble, 
appears to be the least soluUe of all the salts of lead. Pure 
wat^ did not dissolve a quantity of carbonate of lead greater 
than -^ of a grain to the gallon ; while water, on the other 
hand, which contained alreadj so much as 6 grains of lead to 
the gallon, had the quantify reduced to -^ of a grain bj free 
exposure to the atmosphere for twentj-four hours, the lead 
b»ng deposited as carbonate b j the absorption of carbonic acid. 
Carbooic acid is usuallj present in wdl, riyer, and lake waters, 
in quantity sufficient for protection ; and the immunity of such 
waters from lead impregnation is probablj to be ascribed more 
ofben to th^ carbcmic acid than to the salts which they may 
also contain. Chyanie matter in sffi water is doubly dango^ 
ona, as the rapid corrosion which it occasions may be followed 
by solution of the lead salt fcMrn^d. As an illustration of the 
action of soft water, nearly free from earthy carbonates, on lead, 
eren when no soluble organic matter is present, I may refer to 
a weQ-watCT from Hatton, which was anuysed by the author, at 
the request of the Lord Chief Baron, in consequence of its 
destructrre acticm on the leaden cistern. This water con- 
tained d8'47 grains of saline matter per imperial gallon, con* 
sisting of-* 

Carbonate of lime 2120 

Carbonate of magnesia .... *880 

Carbouate of soda 15*196 

Sulphate of potassa traces 

Sulphate of soda 10*456 

Chloride of sodium 9*288 

Protocarbonate of iron .... '480 
Silica -050 



38-470 

52. Recognition and Quantitative ^timaiion of Lead in Water, 

This, fortunately, is attended with no difficulties, though cer- 
tain precautions are necessary when the water contams (as 
almost all natural waters do, more or less) soluble oiganie 
matter. We possess^ in suipknretied hydrogen^ a test, by which 
the presence of ^ of a grain of lead is indicated in one gallon 
f£ distilled wa^ by the production of a liiown tinge. In 
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making the experiment, the beaker should be placed on a sheet 
of white paper, and a second beaker, to which no sulphuretted 
hydrogen has been added, should be placed by its side, also on 
white paper, so that the faintest brown tinge may be rendered 
evident by comparison ; a few drops of pure hydrochloric acid 
should be added previous to the application of the test. Dr. 
Smith, in his investigation of the action of the waters of the 
Pee and the Don on lead pipes and cisterns, employed the 
tint produced by sulphuretted hydrogen as a means of estima- 
ting, quantitatively, the amount of lead deposited in water. 
1*6 grains of nitrate of lead were dissolved in 1000 grains of 
distilled water; a solution was thus prepared, 1000 grains of 
which contained 1 grain of metallic lead. From an accurately 
graduated measure, this solution was dropped into a gallon of 
water containing no lead, until a transmission of sulphuretted 
hydrogen, the same depth of tint, was developed as in the par- 
ticular case on trial. Very accurate results are said to have 
been obtained, until the quantity of lead exceeds i gnun per 
gallon, when the colour gets so dark that slight differencea 
cannot be discriminated : 7^ of a grain of lead to a gallon of 
pure water gave a tint quite perceptible, that is, one of metaUie 
lead in sewn miUionSy and a less quantity could readily be distin- 
guished by careful comparison, even in specimens previously 
containing a considerable proportion of lead, the difference of 
y^th of a grain was plainly visible. The presmiee of organic 
matter in solution .in. water interferes materiallv with the ac- 
tion of sulphuretted hydrogen on the lead which it may con- 
tain ; and, as Dr. Smith informs us that nearly one-half of the 
solid matter in the water of the river Dee consisted of organic 
matter, it would appear that the method be describes could 
not give very reliable quantitative results. Previous to applying 
the sulphuretted hydrogen, test, the vrater should be careiully 
evaporated to dryness and the residue ignited in a small porcelain 
capsule, whereby the organic matter is destroyed. The saline 
matter should be moistened with nitric acid, and then warmed 
with the addition of acetic acid and water, and, if necessary, 
filtered. To estimate the amount of lead qummiUaiively, a 
gallon of the water should be employed ; it ^ould be gentlj 
evaporated to dryness, and the residue having been moistened 
with a few drops of nitric acid and ignited, is digested with 
dilate hydrochloric ae^ and filtered. The solution is neutm- 
liaed v^ caorbonate of so^ and acidified with aeetic aeid/ s 
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Btnall quantity of bichromate of potash is then added, and the 
liquid set aside for some hours. If a yellow precipitate forms, 
it is chromate of lead, which is redissolvea in hydrochloric 
acid, and tartaric acid and excess of ammonia having been 
added, sulphuretted hydrogen is passed through the solution* 
The precipitated sulphide of lead is washed by decantation, 
and converted into sulphate by evaporating it to dryness with 
a little fuming nitric acid and a drop or two of sulphuric* 
acid. The ignited residue contains 73*6 per cent, of oxide of 
lead. 

According to Taylor, sulphuric acid fails to detect -^ of a 
grain of acetate of lead in 1 ounce of water, and begins to 
§>rm a decided precipitate only when the quantity amounts to 
•)^ of a grain. Iodide of potaasium forms a rich yellow pre^ 
cipitate with soluble salts of lead, which is soluble to some ex^ 
tent in boiling water, separating again, as the solution cools, in 
the form of magnificent golden-coloured shiniog plates ; it fails, 
however, according to Taylor, to indicate the presence of i a 
grain of lead in 12 ounces of water. 

53. Oxide or SilVeb. (AgO.) 

Oeneral characters, — As obtained by dropping solution of 
nitrate of silver into caustic potassa, it is a greyish-brown 
powder ; but, if the solutions are concentrated and boiling, 
the oxide precipitates as a heavy black powder. Exposed to. 
the rays of the sun, it disengages a certain quantity of oxygen, 
and turns black. It is entirely reduced by ignition. It is 
slightly soluble in pure water, and in water of barytes. It 
reacts alkaline to test paper, and displaces from their combina- 
tions with the alkalies a portion of the acids, with which it 
forms insoluble compounds. It combines with caustic ammonia, 
giving rise to a dangerous substance (fulminating silver). It 
readi^ dissolves in nitric and other acids. 

» 

Comportment of solutions of Salts of Silver with reagents. 
(Solution of Nitrate of Silver may be used.) 

JPotassa and ammonia produce a light brown precipitate, 
readily soluble in ammonia (AgO, HO). 

The carbonated alkalies produce a white precipitate, soluble 
in carbonate of ammonia (AgO,COg). 

. Phosphate of soda produces, in neutral solutions, a yellow 
precipitate, soluble in ammonia (SAgOjPOg). Solution of 
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ignited pbospbate of soda (2I^aO,FOg) gires a white predpi^ 
tate(2AgO,P05). 

Ferrocyamde of potassium gives a white precipitate. 

Mrridctfanide of potassium prodaees a reddish-brown precipi- 
tate. 

Ohromate of potassa produces a rich brown precipitate. 

FrotosuJphate of iron produces a white precipitate, consisting 
of metallic silver. 

Hydrochloric add and the soluble chlorides produce a white 
curdy precipitate even in exceedingly dilute solutions. This 
precipitate becomes violet, and finally black, without, however, 
suffering decomposition by exposure to light. It is insoluble 
in dilute acids, but readily soluble in ammonia. When heated 
it fuses, without decomposition, into a homy mass. ** If the 
solution of silver be exceedingly dilute, hydrochloric acid pro- 
duces an opalescent appearance. 

A bar of metallic zinc precipitates silver from its solution in 
the metallic state. 

Hydrosulphuric acid produces a black precipitate, both in 
acid and in neutral solutions. (AgS.) 

Sulphide of ammonium gircB a black precipitate, insoluble in 
excess. 

Before the blowpipe, mixed with carbonate of soda, and 
heated on charcoal, salts of silver are readily reduced, while no 
incrustation takes place. 

Characteristic reaction* — That with hydrochloric acid. 

64. Suboxide or Meecust. (Hg^O.) 

General characters, — It is a black powder which a very gentle 
heat converts into metallic mercury and oxide of mercury, and 
a stronger heat into •mercury and oxygen gas. The black pow- 
der obtoined by the long-continued agitation of the metal, and 
which was supposed to consist of this oxide, is probably only 
the metal in a state of very fine division. The soluble salts of 
this oxide redden litmus-paper, and are decomposed, when mixed 
with much water, into soluble acid, and insoluble basic salts. 

Comportment of solutions of Salts of Suboxide of Mercury with 

reagents, 
(Solution of Nitrate of Suboxide of Mennuy may be uaed.) 
Potassa and ammonia produce a black precipitate insoluble 
in excess (HgaO,.HO). 
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Alkaline carbonates produce a dirty-yellow precipitate which 
turns black by boiling. 

Phosphate of soda produces a white precipitate. 

Ferroeyanide of potassium produces a white gelatinous pre- i 

cipitate. | 

Ferridcyanide of potassium gives a reddish-brown precipitate, j 

which gradually becomes white. ^ 

Jodide of potassium produces a greenish-yellow precipitate, 
soluble in excess. (Hg^I.) 

Chromate of potassa produces a red 'precipitate. 

Sydrosulphuric (tcid produces a black precipitate, both in 
acid and neutral solutions. (Hg^S.) 

Sulphide of ammonium produces a black precipitate, insoluble 
in excess, but decomposed by potassa into sulphide of mercury 
and metallic mercury. It is not decomposed or dissolved by 
boiling nitric acid, but easily by aqua regia. 

A bar of metallic zino throws down an amalgam of zinc and 
mercury. 

Hydrochloric acid and soluble chlorides produce a white pre- 
cipitate (Hg9 Gl), insoluble in acids, but rendered black by po« 
tassa and ammonia, the suboxide being formed. 

Frotoehloride of tin produces a grey precipitate, which, 
boiling, resolves into globules of metallic mercury. A drop 
of solution of a salt of suboxide of mercury, rubbed with a 
rag on a piece of bright copper, leaves a silvery stain, which 
disappears when it is heated to redness. 

Brfore the blowpipe, mixed with carbonate of soda, and 
heated in a glass tube, metallic mercury sublimes in the form 
of a grey powder, which, on being rubbed with a glass rod, 
is resolved into globules. Calomel (Hg^Cl) should be used 
for this experiment. 

Characteristic reactions. — Those with hydrochloric acid,po-* 
tassa, and ammonia. 

65. Oxide of Mebctjht. (HgO.) 

General characters, — It is a brick-red crystalline powder; 
but when finely pulverized has a yellow tinge. At a slightly 
elevated temperature it turns black, but it regains its red 
colour on cooling. At a red heat it is resolved into oxygen 
gas and metallic mercury, and is entirely volatilized. In this 
manner the presence of impurities, red-lead or brick-dust, may 
be detected.. It dissolves readily in acids,. but is not acted on 
by ammonia. 
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Comportment of solutions of Salts of Oxide of Mercury tctth 

reagents. 

(Solution of Corrosive Sublimate (PgCl) maj be used.) 

Potassa produces a yellow precipitate (HgO,HO) insoluble 
in excess. If an insufficient quantity of the alkali be added, 
the precipitate is reddish-brown. The presence of ammoniacal 
salts causes the formation of a white precipitate, which is a 
compound of amidide of merctf/ry with undecomposed mercury; 
salts. Thus : 

2HgCl +]SrH3=(Hg]NrH2HgCl) +HCL 

Fixed carbonated alkalies produce a reddish-brown precipi-> 
tate, insoluble in excess, but converted, in the presence of 
ammoniacal salts, into the above white product. 

Carbonate of ammonia produces a white precipitate. 

Phosphate of soda produces a white precipitate. 

Ferrocyanide ofpota^siwrn produces a white precipitate, which 
eventually becomes blue. 

Ferridcyanide of potassium produces, in solutions of the ni- 
trate* and sulphate, a yellow precipitate; in solutions of the 
chloride, none, 

: Sydrosulphuric acid and sulphide of ammonium give rise to 
different-coloured precipitates according to the quantity of the 
reagent added. If it be added in small quantity, and the solu- 
tion agitated, the precipitate is white, being a compound of 
sulphide of mercury and undecomposed salt ; the addition of 
larger quantities causes the precipitate to assume, successively, 
a yellow, orange, brown, red, and black colour. (Hg S.) The 
sulphide of mercury is soluble in solution of potassa, but not 
in boiling nitric acid, though it dissolves readily in aqua regia. 

Iodide of potassium produces a cinnabar-red precipitate, so- 
luble in excess. (Hgl.) It crystallizes out of a hot solution in 
magnificent crimson spangles. 

Protochhride of tin added in small quantity to a solution of 
chloride of mercury,gives rise to the precipitation of subchloride. 

2 Hg CI -f Sn CI = Hg2 01 + Sn CI3. 
When the reagent is added in excess, the subchloride is in its 
turn decomposed, a grey powder being formed, which mav, by 
boiling with a few drops of hydrochloric acid, be united into 
globules of metallic mercury. 

Hgjj CI + Sn CI = Hg- + Sn Cl^. 

The Galvanic Tests, — On placing a drop of a strong solution of 
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eorrosive sublimate on a gold coin, and touching tlie latter 
through the solution with an iron point, the mercury will be 
deposited on the coin in the form of a bright silvery stain. 
This elegant test has bees modified in a variety of ways. By 
the followingprocess of Deverge distinct indications are obtained 
where the poison does not form more than an 80,000th part of 
the water. A thin plate of gold, and another of tin, a few lines 
broad, and two or three inches long, are closely applied to 
one another by silk threads at the ends, and then twisted spi- 
rally ; this small galvanic pile is left for twenty-four or twenty- 
six hours in the solution previously acidified with hydrochloric 
acid, upon which the gold is found whitened, and mercury 
may be obtained in globules by heating the gold in a tube. 
Eor facility of application, an important condition is, that the 
quantity of fluid should not exceed three or four ounces, because^ 
m a larger quantity, a pile of the size stated cannot remove 
the whole of the mercury. 

Gharacteristic reactions, — ^Those with potassa and ammonia, 

56. Poisoning hy Merctmf* Detection of the Metal in Organic 

Mixtures* 

From the researches of M. Boullay and Professor Orfila, it 
appears that various vegetable fluids, extracts, etc., possess the 
power of decomposing corrosive sublimate, a portion of the 
chlorine being gradually disengaged in the form of hydro- 
chloric acid ; the salt is consequently converted into calomel, 
which is deposited in a state of mixture, or combination with 
vegetable matter. It has been further shown by Professor 
Taddei, of Florence, that gluten possesses tiie same property in 
a remarkable degree, and that that vegetable principle is capa- 
ble of removing the poison completely from its solution, form- 
ing with it a ternary compound of protochloride of mercury 
and gluten. Among soluble vegetable principles, albumen, 
casern , and gelatin possess similar properties ; hence solution of 
albumen is an antidote against the eflects of the poison. 
Various insoluble animal principles have been likewise shown 
to act on corrosive sublimate in the same manner as vege- 
table gluten, and this chemical action appears to be the 
source of the corrosive property of the poison. With these 
facts before us, it is evident that in examining cases of poi*^ 
soning by corrosive sublimate, we must not always expect to 
find it in a state of solution, even though it may have been re- 
- PART I. H 
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ceived into the stomach in considerable quantities. The atten- 
tion of the toxicologist must, therefore, be directed to bbth the 
liquid and the solid portions. 

1. Examination of the liquid portion, — It is filtered from the 
solid matter, and a portion tested with protochloride of tin or 
by the galvanic test. Should evidence of the poison be thus 
obtained, the remainder of the solution is mixed with half its 
volume of ether and well agitated : on allowing it to stand some 
time, the greater part of the ether rises to the surface, and may 
be removed by a pipette. It should then be filtered, and eva- 
porated to dryness, or distilled ; and the residue, being redis- 
solved in water, is submitted to the proper tests. Dr. Taylor 
does not find this process to answer unless the poison is present 
in a moderately large proportion. He therefore recommeuda 
to acidulate the suspected fitiid with hydrochloric acid, and to 
immerse in it a narrow slip of finely laminated zinc, round 
which a spiral slip of fine gold-foil has been twisted : if at the 
end of five or six hours the gold still retains its bright colour, 
no corrosive sublimate is present. Should it, on the other 
hand, be tarnished, it is washed, first in ether, and then in 
water, dried, and heated in- a small reduction tube to obtain a 
sublimate of the metal. 

2. Examination of the insoluble matters, — They are boiled 
with distilled water, and the liquid having been filtered is tested 
as above described. Should no trace of the poison be thus 
obtained, Dr. Christison triturates the whole of the insoluble 
matters with protochloride of tin, and collects and washes the 
coagulum formed ; he then boils it with a moderately strong 
solution of caustic potassa in a glazed porcelain vessel till all 
the lumps have disappeared. The animal and vegetable matters, 
and oxide of tin united with them are thus dissolved, and a 
powder of metallic mercury, generally easily discernible with 
a small magnifier, subsides. To separate it, the solution is 
allowed to remain at rest at a temperature little short of ebul- 
lition for fifteen or twenty minutes ; the vessel is then filled up 
with hot water, and the fatty matters which float on the sur- 
face skimmed oflf. After two or three affusions, the black pow- 
der is transferred to a smaller vessel, and finally dried, and sub- 
limed in a small tube. By this mode of operating, Dr. Chris- 
tison has detected a quarter of a grain of corrosive sublimate 
mixed with two ounces of beef, or with five ounces of new 
milk, or porter, or tea, made with a liberal allowance of cream 
and sugar. He has also thus detected a tenth part of a grain 
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in four ounces of the last mixture, that is in 19,200 times its 
weight. Dr. Taylor directs that the coagulum obtained by tri* 
turating the organic mixture with protochloride of tin should 
be well boiled in strong hydrochloric acid previous to digesting 
it with caustic potassa, in order to separate the mercury from 
the oxide of tin and organic matters, and to estimate it quanti- 
tatively. In cases where the quantity of poison is small, he has 
found this mode of treatment to be troublesome and not unat- 
tended with risk. In such cases, he prefers the galvanic test, 
by which he states that he has detected oncrsixteenth part of a 
grain of corrosive sublimate dissolved in one ounce of organic 
liquid, and obtained metallic mercury from it in less than half 
an hour ; and he does not think it possible to conceive a case 
where, in an analysis of this kind, the galvanic test would not 
be immediately applicable. 

In the * Comptes-Rendus,' March 31, 1845, MM. Danger 
and Flandin have described their method of extracting mer- 
cury from the liver of an animal poisoned by corrosive sub- 
limate: the process is nothing more than a modification of 
the galvanic test, but the experiments are valuable as proving 
the absorption of the poison. Their process is as follows : — 
The animal substance finely cut up is heated to about 212^, 
with one>third or half its weight of strong sulphuric acid ; in 
an hour or two, the whole forms a dark carbonaceous-looking 
liquid. It is allowed to cool, and chloride of lime gradually 
added. The liquid becomes whiter and more viscid. The quan- 
tity of chloride used is about equal to the weight of the sul- 
phuric acid; it is added until the whole appears like a white 
calcareous mass. The dnm residue is then digested in abso- 
lute alcohol, which dissolves the mercurial compound. It is 
now diluted with water, and the earthy residue repeatedly 
washed, the liquids being afterwards mixed and concentrated. 
The concentrated liquid is placed in a funnel terminating at an 
angle of 90° in a capillary point — the galvanic plates of gold 
and tin being introduced into the contracted part of the funnel. 
In this way every drop of the liquid comes in contact with the 
metals, and the gold is slowly covered with mercury. They 
state that they have thus detected the metal in a solution con- 
taining the 100,000th part. According to Dr. Taylor, it is easy 
to detect corrosive sublimate in organic solids by simply boiling 
them with copper gauze and a few drops of hydrochloric acid. 

It must be observed that Orfila takes an exception to the em- 
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ployment of tin and gold as the galvanic elements, and on these 
grounds : — " Some /wi," he says, " may, after a time, be dis- 
solved, and precipitated on the gold, and thus simulate the ap- 
pearance of mercury ; the whitened gold, when exposed to heat, 
may even recover its golden colour ; the whitening of the gold 
does not, therefore, absolutely demonstrate the existence of a 
mercurial compound in the suspected substance ; and, if the 
fluid metal cannot be afterwards obtained in distinct globules, 
the evidence must be regarded as inconclusive." 

When corrosive sublimate is contained in organic substances 
(albumen, etc.), insoluble in water, Bose recommends to digest 
them in ammonia in preference to potassa, the mercury being 
subsequently precipitated on copper much more readily from an 
ammonical than from a potassa solution ; and, in cases where 
ammonia fails to effect a solution, he prefers the following me- 
thod of treatment to the ordinary one of digesting with nitric 
acid : — The dried substance mixed with about a quarter of its 
weight of carbonate of potassa is introduced into a capacious 
retort, and distilled at a heat gradually increasing to redness : 
the mercury rises and is condensed in the neck of the retort, 
where it can easily be distinguished from the brown viscid em- 
pyreumatic oil which passes over at the same time. If the or- 
ganic matter contained onlv slight traces of mercury, the whole 
of the metal is found in the neck of the retort, none passing 
with the oil into the receiver, 

57. Tbkoxidb of Bismuth. (BiOg.) 

General characters, — When pure, it is of a straw-yellow 
colour, and melts at a strong red-heat to an opaque glass, which, 
while hot, is dark-brown or black, but on cooling becomes 
yellow ; when melted with silica, alumina, or metallic oxides, 
it dissolves them readily. The oxide precipitated by water re- 
tains nitric acid, from which it may be freed by caustic potassa 
or soda, which convert it into a hydrate. It is easily reduced 
by ignition with organic substances or charcoal powder. Ita 
salts are colourless. 

Comportment of solutions of Salts of Bismuth with reagents^ 
(Solution of Nitrate of Teroxide of Bismuth may be used.) 
Potassa and ammonia produce white precipitates, insoluble 
in excess. 

Alkaline carhonates and phosphate of soda produce white pre- 
cipitates. 
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. Ferrocyanide of potassium occasions a white precipitate, in-^ 
soluble in hydrochloric acid. 

JBbrridcyanide of potassium produces a light yellow precipi- 
tate, soluble in hydrochloric acid. 

Iodide of potassium produces a brown precipitate, readily so- 
luble in excess. 

Chromate ofpotassa produces a yellow precipitate, soluble in 
dilute nitric acid. 

Sydrosulphuric acid and sulphide of ammonium produce a 
black precipitate both in acid and neutral solutions, insoluble 
in excess, and in dilute nitric acid, but soluble in boiling nitric 
acid. (BiSg.) 

Jbefore the blowpipe, heated on charcoal in the reducing flame, 
salts of bismuth are easily reduced to brittle globules, which 
spring to pieces under the hammer ; the charcoal at the same 
time becomes covered with a yellow incrustation. 

Characteristic reaction. — The neutral salts of bismuth are 
distinguished by their property of being decomposed by water 
into a soluble acid, and an insoluble basic salt. The chloride 
of bismuth exhibits this property in the most marked manner* 
The insoluble basic bismuth salt is distinguished from the basic 
salt of antimony formed under similar circumstances by its 
being insoluble in tartaric acid. 

58. Oxide op Cadmium. (CdO.) 

General characters, — The colour of this oxide yaries accord* 
ing to its state of aggregation. It is sometimes of a deep red-* 
brown, sometimes clear brown, and occasionally black. It is 
infusible, and does not volatilize at exceedingly high tempera^ 
tures ; but, when mixed with powdered icharcoal, it is reduced 
by heat, and the metal burns and volatilizes* By long-continued 
gentle ebullition of the metal, the oxide may be obtained, ac- 
cording to Herapath,in long purple needles, opaque, and grouped 
in rays. Its hydrate is white ; it loses its water by heat, and 
absorbs carbonic acid from the air. It is not soluble in the 
fixed alkalies, but it dissolves in caustic ammonia. It dissolves 
easily in acids, forming colourless solutions. 

Comportment of solutions of Salts of Cadmium with reagents. 
(Solution of Chloride of Cadmium may be used.) 
Potassa and ammonia produce a white precipitate (HO, CdO), 
i{isolubie in potassa, but easily soluble in ammonia. 
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The carbonated alkalies produce a white precipitate (Cd 0, 
C O2), insoluble in excess : ammoniacal salts do not prevent the 
formation of this precipitate. 

Fhosphate of soda produces a white precipitate. 

Oxalic acid produces a precipitate soluble in ammonia. 

Ferrocyanide of potassium produces a slightly yellow precipi- 
tate, soluble in hydrochloric acid. 

Ferridcyanide of potassium produces a yellow precipitate, also 
soluble in hydrochloric acid. 

Hydrosul^lmric acid and sulphide of ammonium produce a 
rich yellow precipitate (CdS), insoluble in excess, and in dilute 
acids and alkalies, but decomposed by boiling and concentrated 
nitric acid. 

A bar of metallic zinc precipitates the metal from its solutions 
in the form of small, glancing, grey-coloured spangles. 

Before the blowpipe, heated with carbonate of soda on char- 
coal, the metal is reduced and volatilizes, leaving a dark yellow- 
red incrustation. 

Characteristic reactions, — Those with hydrosulphwric acid Kadi 
sulphide of ammonium, 

69. OXIDS OF COPFEB. (OuO.) 

General characters, — It is pulverulent, and of a black colour ; 
at a high temperature it fuses, and on cooling exhibits a crys- 
talline fracture. By particular management, Becquerel obtained 
it in the form of fine tetrahedral crystals, having a high metallic 
lustre. Heated with charcoal, or in contact vrith organic matter, 
it is reduced either to metallic copper or to the suboxide. It 
dissolves easily in acids with the disengagement of heat, and its 
solutions have mostly a blue or a green colour. Its hydrate is 
blue ; but at the temperature of boiling water it becomes black, 
a property which interferes with its employment as a pigment. 
It does not unite in the humid way with the caustic alkalies ; 
but at a red-heat it combines with both alkalies and earths, 
forming blue or green compounds. Caustic alkalies containing 
organic matters dissolve it, forming blue or purple compounds. 

Comportment of solutions of Salts of Copper with reagents, 

(Solution of Sulphate of Copper may be used.) 
Fotassa produces a voluminous blue precipitate (HO,CuO), 
which by boiling loses water and becomes black. 
Ammonia added in small quantities produces a green basio 
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salt, ^hich dissolves in excess, forming a fine blue solution. Tn 
this solution potassa produces in the cold a blue precipitate, 
which by boiling becomes black. 

Carbonate of potassa produces a greenish-blue precipitate of 
basie carbonate of copper, which by boiling is converted into 
black oxide. 

Carbonate of ammonia behaves precisely as ammonia. 

Phosphate of soda produces a greenish- white precipitate, so- 
luble in ammonia, forming a blue solution. 

Ferrocyanide of potassium produces a chocolate-brown preci- 
pitate, insoluble in dilute acids, but decomposed by potassa. 
(CugCfy.) 

Ferridcyanide of potassium produces a yellowish-green preci- 
pitate, ^insoluble in dilute acids. 

Cyanide of potassium produces a yellowish-green cyanide, 
soluble in excess of cyanide of potassium. 

Chromate of potassa produces a reddish-brown precipitate, 
soluble in ammonia, forming an emerald-green solution, soluble 
also in dilute nitric acid. 

Hydrosulphurie acid and sulphide of ammonium produce a 
black precipitate (CuS), slightlj^ soluble in excess of sulphide 
of ammonium^ but insoluble in caustic alkalies, and in sulphide 
of potassium, and in dilute acids. It is readily decomposed by 
boiling nitric acid, and is completely soluble in cyanide of 
potassium. 

Metallic iron, when introduced into solutions of oxide of 
copper, becomes covered with a deposit of reduced copper. 

JBefore the blowpipe, salts of copper heated with borax or mi- 
crocosmic salt in the oxidating flame, gives a grass-green beadj 
becoming blue on cooling ; in the reducing flame the glass is 
red and opaque ; mixed with carbonate of soda, and heated on 
eharcoal in the inner flame the metal is reduced, and gives a 
bead of metallic copper. 

Characteristic reactions, — Those with ammonia and ferro^ 
cyanide of potassium. Solutions of salts of sesquioxide ofwra» 
nium produce a chocolate-brown precipitate with ferrocyanide 
of potassium ; Ifiit they are at once distinguished from salts of 
copper by their comportment with ammonia. 

60. Poisoning by Salts of Copper, and detection of the Metal in 

Orgonio Muttures, 

It was long ago shown by Orflla that albumen, milk, tea; 
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coffee, etc., possess the properlnr of decomposing' solutions of 
the salts of copper, throwing down the oxide in union with 
various proximate principles. He also found that red winoi 
bile, vomited matters, and the tissues composing the stomach, 
although they do not decompose the soluble copper salts, alter 
materially the action of reagents on them. The following me* 
thod, however, is applicable to all cases. If the suspected sub- 
stance be a liquid, it is filtered, and, as a trial test, a clean 
needle is suspended in it, and allowed to remain for some hours; 
if, at the expiration of that time, no red coating should be de- 
posited on it, it is certain that no detectable quantity of the 
poison is present. That the presence of a large quantity of 
organic matter does not interfere with the action of this simple 
test, is proved by the following experiment of Dr. Taylor, fie 
dissolved one-third of a grain of sulphate of copper in water, 
and mixed the solution with four ounces of thick gruel. Am- 
monia produced no effect on jbhis liquid, and ferrocyanide of 
potassium gave only a faint reddish-brown discoloration. Two 
drops of diluted sulphuric acid were added, and a bright needle 
suspended in the liquid by a thread : in twenty-four hours the 
needle was covered with a distinct film of copper. The quan* 
tity of copper salt here present was less than the 6000th part 
of the solution. If, then, the needle has indicated copper, a 
stream of sulphuretted hydrogen is passed through the liquor, 
and the precipitated sulphide of copper washed, dried, and 
digested with strong nitnc acid, by which it is converted into 
a mixture of nitrate and sulphate ; it is filtered off from the 
separated sulphur, and the blue solution submitted to the above- 
mentioned tests for the detection of the metal. If the sub- 
stance to be examined is too viscid for filtration. Dr. Christison 
passes it through a muslin sieve, adds two volumes of rectified 
spirit when cool, and then filters. Another process may be 
adopted. The filtered liquid is placed in a platinum crucible, 
dilute sulphuric acid added, and a strip of zinc introduced ; 
wherever the platinum is touched by the zinc, metallic copper 
is deposited, and after having in this way coated the platinum 
capsule, the surplus liquid is poured off, and the capsule well 
washed out ; a few drops of nitric acid, with a small quantity of 
water, may be used to dissolve out the copper. In this way a 
pure solution of nitrate of copper may be obtained, and the 
metal, if in moderate quantity, may thus be separated from the 
most complex organic fluids^ 
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But all tbese processes may fail to give any proofs of the ex* 
istence of copper, and yet the poison may be present in a state 
of intimate union with some organic principles, or with the 
mucous membrane of the stomach, in which cases it would be 
insoluble. The following process must then be adopted. The 
solid substance is cut into small pieces, and added in successive 

Eortions to an equal weight of nitric acid ; the mixture is then 
eated in a porcelain basin, with a fifteenth part of chlorate of 
potassa. After the whole has been added, the product is heated 
till it becomes dark-red and thick. The charring being com* 
plete, the carbonaceous mass is pulverized, then boiled with 
nitric acid diluted with its own volume of water, evaporated to 
dryness, redissolved, and the clear filtered solution tested with 
reagents. It must be mentioned, however, that objections have 
been raised against this mode of treatment, or rather against 
the conclusions that might be drawn from them, on the ground 
that copper exists nattirally as a constituent part of many ani* 
mal ana vegetable substances, and more especially in the organs 
of the human body. Meissner and Sarzeau have examined a 
great many vegetable substances, and the latter chemist states 
that he has succeeded in separating metallic copper from c^»n«^ 
ehona hark, madder, coffee, wheat, andjlour, Devergie, M. O. 
Henry, and Orfila assert that they have detected traces of cop- 
per by the process of incineration, in the bodies of animals not 
poisoned with the preparations of that metal. Chevreul, on the 
other hand, could detect no traces of copper in beef, veal, oi^ 
mutton, and more recently MM. Danger and Elandin have 
positively denied that copper is ever found naturally in tha 
human body. An extensive inquiry into this subject was un- 
dertaken by M. Boutigny, who thinks .that he has traced the 
presence of copper in vegetable substances to its existence in 
the manures used for raising the different crops, and in animal 
substances either to their having been preserved or prepared in 
copper vessels, or to the animals having been fed on vegetablei^ 
which had received a cupreous impregnation from the cause 
above mentioned. Anotner chemist traced the copper which 
made its appearance in his experiments to the filtenng-paper 
he was using. Dr. Taylor remarks, in reference to this sub- 
ject, that in a practical view the objection amounts to nothing, 
since there would be very few cases in which all the chemical 
evidence rested on the incineration of the viscera, abundant 
proofs of the poison being generally afforded by an analysis of 
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the eontents of the stomach ; the nonnal copper said to exist in 
food has not been fonnd to form mpre than the 100,000th part 
of the food examined ; and if the imputation of poisoning were 
well founded, and copper were discoTcred at all, the metal would 
be in infinitely larger proportion, so as to leare no doubt of its 
aetnal admixture. 

A not nnfreqnent cause of accidental poisoning bj salts of 
copper arises from the action of certain articles of food on the 
metal when used for culinary purposes. Pure water may be 
kept for any length of time in a clean copper vessel, without 
becoming in the least impregnated with the metal, provided the 
air be excluded ; if, however, air has access, a hydrated car* 
bonate, mixed with oxide of copper, is gradoally formed. K 
the water contain common salt, or varions other saline matters, 
it is found to exert a greater or less action on the metal, and 
to become impregnated with it. It appears, however, from the 
experiments of Falconer and EUer, that neither milk, tea, coffee, 
beer, cabbage, potatoes, and soddry other vegetables exert the 
least action on clean copper vessels, even by long boQing; but, 
if the vessel be not thoroughly clean, all acid substances dis- 
solve the carbonate that encrusts it, especially if left in it for 
some time. Oily and &tty matters, also, if left for some time 
in copper vessels, become contaminated to such an extent as to 

nuire a nauseons coppery taste and a distinct green colour, 
t was observed by Dr. Falconer that syrup of lemons might 
be boiled for fifteen minutes, in copper or brass pans, without 
acquiring any sensible impregnation ; but if it was allowed to 
cool, and remain in the pans for twenty-four hours, the impreg- 
nation was discoverable by the test of metallic iron, and was 
perceptible to the taste. Proust made the same observations 
with regard to food prepared in copper vessels ; and Dr. Chris- 
tison quotes a fatal accident which occurred from a servant 
having left some sour-krout for only a couple of hours in a 
copper vessel which had lost the tinning. As a general rule, 
no articles of food which contain saline, acid, or oily principles, 
should be prepared in copper vessels. Vinegar is occasionally 
found to contain traces of copper ; and it is a well-known fact 
that sulphate of copper is sometimes employed for the purpose 
of giving a rich green colour to preserved f ruite and vegetable 
pickles ; the presence of the poisonous metal is easily detected 
by the iron test. In many old cookery books, halfpence are 
directed to be put amongst the pickles, to give them a fine 
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green colour. In order to prevent accidental impregnations, 
copper vessels employed in cookery are coated with an alloy of 
tin and lead ; there is no danger to be apprehended from the 
latter metal, for, although some of its salts are poisonous, it 
has been ascertained that the substances which possess the pro- 
perty of dissolving lead cannot attack that metal before the 
whole of the fin in the alloy is oxidated. Sulphate of copper 
was, some years ago, extensively employed in France by bakers, 
who used it to accelerate the panary fermentation ; the pro- 
portion required being an ounce of the salt in tw^ pints of 
water for every hundredweight of dough. Some chemists have 
denied that sulphate of copper possesses any such property as 
that imputed to it by the French bakers ; but, from the experi- 
ments of Meylink, it appears that not only does the fermenta- 
tion of the dough take place more quickly, but that the adul- 
terated loaves, when taken out of the oven, are much whiter 
and much better raised than those not adulterated ; he found 
that, if more than eight grains of the salt were added to half a 
Flemish pound of dough, it could be detected by a peculiar 
taste and a slight green colour. He found, moreover, that the 
employment of the salt of copper, even in the small proportion 
of one grain, had the singular effect of bringing about the com- 
plete fermentation of the dough with considerably less loss of 
weight than occurs in the common process of baking ; the loss 
in the sound and in the adulterated loaves being in the pro- 
portion of 116 to 100. These remarkable results appear to re- 
quire confirmation ; but, if they are correct, the object of the 
French bakers in employing sulphate of copper is easily ex- 
plained, the practice being a fraud on the public, by enabling 
them to make their loaves of a standard weight with a less al- 
lowance of nutritive material. It does not appear that this 
practice has extended to England. A case of poisoning by 
copper, from the use of German silver, which contains fifty per 
cent, of copper, is mentioned by Dr. Taylor. It appears that a 
spoon made of this material had been left in an earthenware 
vessel in which eels had been cooked with butter and vinegar ; 
and chemical analysis showed that the cupreous poison had 
thereby been introduced. 

61. Oxide of Palladittm. (PdO.) 

General characters, — It is a black powder, acted upon with 
great difficulty by acids. The hydrate is of a deep brown co- 
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lour, and parts with its water only at a liigh temperature. Its 
solution in nitric and nitro-bydrochloric acid has a red-brown 
colour. 

Compartment of solutions oj^ Salts of Palladium with reagents* 
(Solution of Chloride of PaUadimn may be used.) 

Potassa precipitates a jellowish-brown basic salt, soluble in 
excess. 

Ammonia precipitates from solution of chloride of palladium 
a compound of chloride of palladium and ammonia (PdCl,NH^, 
soluble in excess of ammonia. 

Carbonated alkalies precipitate a yellowish-brown basic salt, 
soluble in excess of the precipitants. 

" Cyanide of potassium and cyanide of mercury produce a yel« 
lowish- white precipitate of cyanide of palladium, soluble in great 
excess of hydrochloric acid. 

Hydrosulphuric acid and sulphide of ammonium produce a 
black precipitate, insoluble in sulphide of ammonium. 

Protochloride of tin produces a black precipitate, soluble in 
hydrochloric acid, forming an intense green solution. 

Palladium salts are reduced hj sulphurous acid, and by being 
heated with a salt of oxide of iron, or with fiformiate. 

Characteristic reactions. — Those with cyanide of potassium^ 
cyanide of mercury, and protochloride of tin. 

62. SESQxrioirDB op Rhodium. (BgOg.) 

General characters, — The metal, as well as the anhydrous 
sesquioxide, is insoluble even in boiling aqua-^^ia. Both^ 
however, are dissolved by fusion with bisulphate ofpotassa, or 
on heating a mixture of both with chloride of sodium to red- 
ness and passing over it a stream of chlorine. The colour of 
the hydrated oxide is greenish-grey. The haloid salts of this 
metal are red: the oxysalts yeUow, red, or brown. 

Comportment of Salts of Sesquioxide ofBhodium with 

reagents. 

Potassa does not occasion any immediate precipitate ; but 
after protracted digestion a precipitate of a greenish-yellow co* 
lour makes its appearance, soluble in excess of the precipitant. 

Ammonia and carbonate of ammonia produce, after a time, a 
yellow precipitate, composed of sesquioxide of rhodium and 
ammonia^ which is soluble in hydrochloric acid. 
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' Iodide of potassium throws down yellow iodide of rhodium. 

Sydrosulphuric acid and sulphide of ammonium produce, aftei^ 
a time, a dark-brown precipitate. 

. All the salts of rhodium are decomposed, and the metal is 
reduced by exposure to a gentle heat m contact with dry hy» 
drogen gas. They are decomposed also by iron and zinc, which 
cause a deposit of metallic rhodium. 

63. Oxides op Osmittm. (OsO; Os3 03;Os02; OsO^.) 

The presence of osmium is discovered in its salts by mixiog 
them with a little carbonate of soda, and heating on platinum 
foil ; the metal is converted into osmic acid, which possesses an 
extremely acrid and penetrating odour like chloride of sulphur, 
attacking powerfully the olfactory and respiratory organs, and 
producing, even in minute quantities, a burning sensation in 
the eyes. It communicates also a considerable brilliancy to 
flame. The metal itself is whitish, like platinum, but less bril- 
liant. It is easily pulverized. It dissolves in nitric acid and 
in aqua-regia, osmic acid passing over with the water of the 
acid. Osmic acid is easily reduced by many metals and organic 
compounds. Solutions of salts of oxide of osmium are precipi* 
tated by hydrosulphuric acid and sulphide of ammonium as a 
brownish-black sulphide, insoluble in sulphide of ammonium. 

General Memories on the Osides of the Fifth Group , {Section A,) 

The metallic oxides constituting this section admit of a divi- 
sion into two sub-sections by their comportment with hydror 
chloric acid. Three of them, viz. oxide of lead, oxide of silver^ 
and oxide of mercury, are precipitated by that reagent ; the 
others are not. Of the chlorides thus formed, chloride of silver 
is easily separated from the other two by ammonia, in which 
it is perfectly soluble, and from which it is again precipitated 
by nitric acid. The same alkali decomposes subchloride of 
mercury, converting the metal into black suboxide, from which 
chloride of lead may be removed by boiling water, and the 
metal tested for in the clear solution by any of the reagents 
mentioned under its head. The insolubility of sulphide of 
mercury in nitric acid serves to separate this metal from all 
the others in the group. The precipitates caused by potassa 
and ammonia in solutions of oxide of cadmium and oxide of cop- 
per are soluble in ammonia ; those of the others are not ; but 
the hydrated oxide of copper is soluble also in carbonate of 
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ammonia. JSy&rated oxide of cadmium has no such property ; 
moreover, the blue colour of the ammoniacal solution of oxide 
of copper is perfectly characteristic of that metal. Cadmium, 
again, is distinguished by the colour of its sulphide, which, 
being insoluble in sulphide of ammonium^ distinguishes it £rom 
the yellow sulphides of some of the metals in the next group, 
all of which are soluble va sulphide of ammonium. Oxide of 
bismuth is readily detected by the decomposition of its salts by 
water. Salts of palladium are recognized by their behaviour 
with cyanide of mercury and cyanide of potassium. The insolu- 
bility oi oxide of rhodium in acids, and the colour of its salts, 
serve to distinguish this metal ; and the presence of osmium 
compounds is recognized by the penetrating odour of osmie add. 



GROUP V,— Section B. 

Metallic oxides precipitated firom their acid solutions by 
Hydrosalphtiric Acid, but not from their alkaline 
solutions, their sulphides being soluble in ftiv<tiiTiA 
sulphides. 

{Antimony^ Arsenic, Tiiij Platimtm, Iridium, Gold, Selenimn, Tellurium, 

Tungsten, Vanadium, Molyhdenum.) 

64. Tbboxidb or Antimony. (SbOg.) 

General characters, — It is a white powder, having a great 
tendency to assume the crystalline form ; by sublimation it is 
obtained in brilliant, white, prismatic crystals, in which state 
it is sometimes met with naturally ; heated in the air, it burns, 
emitting a white smoke, and becomes partly converted into an- 
timonious acid (8b O^). Heated in a close vessel, it melts into 
a yellow liquid, which on cooling becomes nearly white and 
(Crystalline ; at a higher temperature it sublimes, leaving no 
residue. It is dissolved in small quantities by boiling water. 
This oxide is insoluble in nitric acid ; but it dissolves in hydro- 
chloric acid, and the solution is decomposed by water, a basic 
salt being separated, which is readily dissolved by tartaric acid 
and acetic acids ; and a certain quantity of the oxide is held in 
solution by the liberated acid. 

6 SbClg + lS HO=(SbCl8,5 SbOg) -hl5HCl. 
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Comportment of solutions of Salts of Teroxide of Antimony toith 

reagents. 

(Solution of Sesquichloride of Antimony may be used.) 

JPotassa and ammonia produce white precipitates, soluble in 
potassa. 

. Alkaline carbonates and phosphate of soda behave in a similar 
manner. 

Metallic zinc throws down metallic antimony as a black 
powder ; if nitric acid be present, the sesquioxide is precipi- 
tated at the same time. 

Hydrosulphuric acid throws down from acid solutions an orange 
yellow precipitate (SbSg), readily soluble in excess and in po- 
tassa; but very sparingly soluble in ammonia^ and almost entirely 
insoluble in carbonate of ammonia. It is insoluble in dilute acids, 
but is decomposed by concentrated and boiling hydrochloric acid ; 
the precipitate is very incompletely formed in neutral solutions. 

Sulphtde of ammonium produces an orange-yellow precipitate, 
completely soluble in excess. 

The solution of double tartrate of antimony and potassa 
(tartar emetic) is only precipitated after a time by alkalies and 
their carbonates. 

Antimony possesses the property of forming a gaseous combi- 
nation with hydrogen ; the union of these two bodies may be 
brought about by adding zinc and sulphuric acid to a solution 
containing the oxide, which becomes deoxidized by the zinc ; a 
portion of the mct^ unites with the hydrogen of the water, 
which is at the same time decomposed. Antimoniuretted hy^ 
drogen is inflammable, burning with a bluish-green flame, and 
emitting copious fumes of sesquioxide ; if the flame be allowed 
to impinge on a cold surface, such as a porcelain plate, a dark 
spot of reduced antimony will be produced. If the gas, as it 
proceeds from an evolution flask, be allowed to pass along a 
horizontal tube of hard German glass, aud the tube be heated 
to redness at a certain point, decomposition of the gas will take 
place at that spot, on both sides of which a brilliant mirror of 
metallic antimonv will be deposited : if now a stream of dry 
sulphuretted hydrogen be allowed to pass through the tube, 
the bright mirror will vanish, and a deposit of a more or less 
intense yellow colour will take its place, the antimony beins 
converted into sulphide. If now the flask in which sulphuretted 
hydrogen is generating be removed, and its place supplied by 
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one containing the materials for generating hydrochloric acid 
gas, and if a gentle stream of this gas be sent through the tube, 
the yellow deposit will vanish, the sulphide being converted into 
chloride, which being volatile may be conveyed with the gas 
into a vessel of water, in which the presence of antimony may 
then be proved by acidulating it with hydrochloric acid, and 
transmitting through it a stream of sulphuretted hydrogen gas. 

Before the blowpipe, mixed with carbonate of soda on char- 
coal, oxide of antimony is easily reduced, and brilliant metallic 
globules obtained; the metal fuses and volatilizes, covering 
the charcoal with a white incrustation, amongst which needle- 
shaped crystals frequently appear. 

CharaeteriHie reactions, — The orange-coloured precipitate 
with hydrosulphurie acid ; the decomposition of neutral salts 
by water, and the solubility of the precipitate thus produced 
is tartaric acid. 

65. Detection of Antimony in Organic Mixtures, 

When tartar emetic has to be sought for in organic mixtures, 
it may be necessary to examine the solid as well as the liquid 
portions, in consequence of the property possessed by certain 
organic principles, particularly such as contain tannin, of form-» 
ing with oxide of antimony insoluble precipitates. The subject 
of analysis is acidulated with hydrochloric and tartaric acids, 
and filtered. As a trial test, a piece of paper may be dipped in 
the clear liquid, and then immersed in sulphide of ammo- 
nium; the production of an orange-red stain indicates anti- 
mony. The whole of the filtrate is now treated with sulphu- 
retted hydrogen, and the precipitate, after being well washed, 
is boiled with strong hydrochloric acid, and the solution mixed 
with a large quantity of water ; the formation of a dense white 
precipitate ih characteristic of antimony (the oxychloride). 
Should no indication of antimony be obtained from the liquid 
portion, the solid residuum on the filter must be boiled for 
some time with a strong solution of tai*taric acid, filtered, and . 
treated preciselv as above. It may still be necessary to examine 
the tissues of the body. Orfila directs thus : — The thoroughly 
dried viscera, etc., are boiled with concentrated nitric acid until 
dissolved; the mass is then evaporated to dryness and car- 
bonized ; the carbonized residue is digested with nitro-muri- 
atic acid, by which all the antimony is converted into chloride ; 
apportion is then examined in Marsh's apparatus for an anti- 
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monial sublimate, and anotlier portion, after being evaporated 
to dryness* is moistened witn sulphide of ammonium. In 
this way, Orfila succeeded in obtaining proof that antimony is 
absorbed ; he thus detected it in the liver. 

It must be remembered, that as preparations of antimony 
are used as medicine, it is not the discovery of small quantities 
of the metal that can be received as a proof of intentional poi- 
soning, as in the case of arsenic. Taylor says that tartar emetic 
is by no means so poisonous as it is often described to be, and 
that though in doses of from half an ounce to an ounce, or less, it 
must be regarded as an irritant poison, it has been administered 
in doses of 40 grains in twenty-four hours to an adult without 
occasioning any serious mischief. 

66. Absenious Acid. (AsOj.) 

General characters. — ^As met with in commerce, this acid is 
almost completely pure ; it is without smell and almost with- 
out taste ; if kept for some time in contact with the tongue, it 
induces a slightly bitter taste, which, however, leaves one of 
sweetness. It sublimes before entering into fusion ; but with 
certain precautions it ^ay be fused in close vessels, and oIk 
tained on cooling in the form of a colourless transparent glass. 
When sublimed in a current of air, it forms fine octahedral 
ciTstals. Its vapour is without colour or taste; the odour 
which accompanies it is due either to the reduction of the 
metal or to the formation of a lower oxide. This acid, has *two 
isomeric modifications, one of which is represented by the vitreous 
and the other by the milky variety. The latter was supposed 
to be merely the result of an admixture of water ; but it has 
been ascertained that the two varieties differ both in their 
specific gravity and in their chemical properties. The action 
of water on arsenious acid is materially influenced by circum- 
stances. According to Taylor (Guy's Hospital Eeports, iv. 81), 
hot water, cooling from 212^ on the poison in powder, dissolves 
about T^th part of its weight : this is in the proportion jof 
nearly 1} grain to about 1 fluid ounce of water. According 
to the same authority (Taylor on Poisons, second edition, p. 
855), water boiled for an hour on the poison and allowed to 
cool, holds dissolved the 40th part of its weight, or about 11 
trains to 1 ounce. Cold water allowed to stand for manv 
hours on the poison does not dissolve more than from the 1000th 
to the 500th part of its weight; that is, i grain to 1 grain of 
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uneme to nesrij 1 fluid oiinoe of water. Hie presoioe of or^ 
ganic matter in a liquid renders arsenious acid much less 
soluble. Thosy Taylor found that hot tea with milk and sugar 
and cold porter did not take up more than about i grain to 
the ounce ; while hot coffee and cold brandj did not dissolTC 
more than 1 grain to the fluid ounce. The aqueous solution 
of the acid reddens paper tinged with infusion of turnsole. 
Bose has observed that a saturated solution of the Yitreous acid 
in hjdrodiloric acid deposits on cooling octahedral crystals, 
during the formation of which flashes of light may be obseired 
in the dark : neither of these phenommia occur with the milky 
variety. The great diversity of statements made with regard 
to the solubility of arsenious acid in water, has arisen not 
only from the ^fference of the two varieties in this respect, 
but also probably from the different manner in which the ex- 
periments have been made. Arsenious acid dissolves much 
more readily in acids than in water, and is deposited unaltered 
on cooling fix»m hot solutions. It forms a class of salts called 
ar//enitesy all of which are poisonous, though not so eminently so 
as the acid itself. The best antidote to this poison is hydrated 
sesquiasnde of iron^ perfectly free from alkali, which has not 
been dried, out preserved in a gelatinous state saturated with 
water ; arsenious acid forms with this oxide a basic insoluble 
^t. Perhaps the best method of admimstering this antidote 
is in the form of a completely saturated solution of the hy- 
draied sesquioxide in acetic acid. 

Comportment of Arseniow Add with reagents, 

Hydrosulphurie add produces in aqueous solutions of arse^ 
nious acid a very slow precipitation ; but in the presence of 
free hydrochlc^c acid an immediate precipitate of •vlpharge^ 
nious acid (AsS^) of a bright yellow colour is produced. This 
precipitate is easily soluble in alkalies, alkaline carbonates, and 
alkaline sulphides ; it is also decomposed by boiling nitric acid, 
though it is nearly insoluble in hydrochloric acid. When fused 
with an alkaline carbonate and nitre, it is decomposed, the pro- 
ducts being arseniated and sulphated alkali. When an alkaline 
solution of sulpharsenious acid is boiled with oxide of copper, 
sulphide of copper and arseniated alkali are formed. 

When vi4>ours of sulpharsenious acid are passed over ignited 
lime, sulphide of arsenic, sulphide of calcium, and arseniate of 
lime are formed with the separation of arsenic. 
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When sulphaarsenious acid is Aised with cyanide of potas- 
sium, Bulphocjanide of potassram is formed and arsenic is set 
free. 2AsS8-j-3KCy=8KCyS2+Asj. 

This experiment is best made by introducing a mixture of 
one part of sulpbarsenious add with ten or twelve parts of a 
mixture of two parts of dry carbonate of soda and one part of 
cyanide of potassium into a glass tube, drawn out as shown in 
fig. 37, and heated to redness while a current of dry carbonic 
acid gas is passed over it ; the arsenic is deposited on the cold 
surface of the narrow part of the tube in the form of a shining 
mirror. 

A is a flask containing lumps of marble, provided with a 
fiinnel-tube, through which hydrochloric acid is passed for the 
generation of carbonic acid, b is a smaller flask containing oil 




Fig. 37. 

of vitriol, in passing through which the carbonic acid becomes 
dried. The mixture of sulpbarsenious acid with cyanide of po- 
tassium and carbonate of soda is introduced into the tube c d 
of hard glass so as to occupy about an inch. The dry carbonic 
acid is lulowed to flow slowly for some time through the tube, 
it is then heated by a spirit lamp, at first gently, and then to a 
full red-heat, until the mass is completely fused ; reduction 
takes place, and the vapours of metallic arsenic are carried for- 
ward and condensed in the narrow part of the tube at d, where 
a lustrouB mirror or a ^re^ film (according to the quantity of 
arseuic) is deposited. The reduction being complete, the lamp 
is removed and carbonic acid is allowed to pass slowly througn 
the tube till it is cold. That portion of the tube containing 
the mirror is then cut off with a file and digested with strong 
nitric acid, by which it is converted into arsenic etcid; the 
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nitric solution is then evaporated till the excess of acid is ex- 
pelled, a few drops of nitrate of silver are added, and then (if 
necessary) a drop of ammonia, upon which the brick-red pre* 
cipitate characteristic of arseniate of silver is obtained. 

Arsenious and sulpharsenious acids are easily reduced by 
mixing them with three or four times their weight of black 
flux (obtained by deflagrating equal weights of cream of tartar 
and nitre in a red-hot earthen crucible) and heating the mix- 
ture in a smaU tube of hard glass. The flux, previously well 
dried, is well mixed in a mortar with the arsenious or the sul* 
pharsenious acid, and the mixture is introduced into a glass tube 
about the diameter of a common quill and shaped as in one of 
the forms indicated in Pig. 38. The gentle heat of a spirit or 






Fig. 38. 

gas lamp is applied, and in a short time metallic arsenic will 
make its appearance on the upper part of the tube, in the form 
of a brilliant steel-like mirror. Supposing sulpharsenious add 
to have been the arsenical compound employed, the following 
represents the reaction : — 

AsS3+3(KO,C02)+3C = 3KS-F3C03+3CO+As. 
When the tube is cold, that portion on which the arsenic is de- 
posited is removed by a file ; it is broken up into small frag- 
ments, placed in a long, clean, dry test-tube, and heated gently 
over a gas or spirit lamp, the tube being held in an inclined 
position ; the arsenic becomes oxidized and converted into ar- 
senious acid, which is volatilized and again deposited on the 
cooler parts of the tube in the form of crystals, which can be 
readily distinguished as octaliedraytx^ the aid of a small pocket 
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lens. When the tube is cold, it is boiled out once or twice 
with distilled water, which will dissolve the arsenious acid. 
The solution may be subjected to the following tests : — 

Ammonio-nitrate of silver (prepared by adding ammonia to 
a solution of nitrate of silver in very slight excess, so as nearly 
but not quite to redissolve the precipitate which is at first 
formed) produces a yellow precipitate (2AgO,As03), soluble 
in ammonia and in dilute nitric acid. 

AmmoniO'Sulphate of copper (prepared by adding a drop or 
two of ammonia to a solution of sulphate of copper) gives a 
fine ^reen precipitate (2CuO,As03), readily soluble in ammo* 
nia and in nitric acid. 

If a solution of arsenious acid in caustic potassa be warmed 
with a small quantity of sulphate of copper, a red precipitate of 
suboxide of copper will be formed, the arsenious acid being 
converted into arsenic acid. 

As03+4CuO=As05 + 2Cu20. 
This, however, is no test for arsenic, since many other sub- 
stances are capable of reducing protoxide of copper to sub- 
oxide. 

Arsenic, like antimony, forms a gaseous compound with hy- 
drogen. The combination of the two elements may be effected 
by bringing together arsenious acid, or an arsenite, with zinc^ 
ioater, and sulphuric or hydrochloric acids. This pro perty is 
taken advantage of (first by the late Mr. Marsh, of w oolwich) 
Bs a test for the metal, and forms a valuable method of isolating it. 
The materials for genei*ating the hydrogen are introduced into 
the evolution fiask a, Fig. 39, and the gas being dried by passing 
through a tube filled with dry chloride of calcium b, is inflamed 
at the point of the bent tube, c, (sufficient time being allowed to 
expel the atmospheric air from the apparatus,) and a porcelain 
plate depressed on the flame. If, after burning for some time, 
no incrustation or blackening appears on the plate, it is a sign 
that the materials in the evolution flask are f]*ee from arsenic ; 
additional assurance is, however, obtained by heating a portion 
of the horizontal tube to redness at h, by means of a spirit 
lamp ; no incrustation must be observed in the tube. The 
liquid to be tested for arsenic is now introduced into the evolu- 
tion flask through the funnel-tube ; and if it contain any traces 
of the poison, the flame of the hydrogen will acquire a bluish- 
white colour, owing to the reduction and separation of the ar-* 
fienic, and fumes of arsenious acid will make their appearance* 
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lour, and parts with its water only at a high temperature. Its 
solution in nitric and nitro-hjdrochloric acid has a red-brown 
colour. 

Comportment of solutions of Salts ofPalladit^n with reagents, 
(Solution of Chloride of PallAdiuin may be used.) 

JPotassa precipitates a yellowish-brown basic salt, soluble in 
excess. 

Ammonia precipitates from solution of chloride of palladium 
a compound of chloride of palladium and ammonia (PdCl^NHg), 
soluble in excess of ammonia. 

Carbonated alkalies precipitate a yellowish-brown basic salt, 
soluble in excess of the precipitants. 

/ Cyanide of potassium and cyanide of mercury produce a yel* 
iowish- white precipitate of cyanide of palladium, soluble in great 
excess of hydrochloric acid. 

HydrosulphuHc acid and sulphide of ammonium produce a 
black precipitate, insoluble in sulphide of ammonium. 

Frotochloride of tin produces a black precipitate, soluble in 
hydrochloric acid, forming an intense green solution ^ 

Palladium salts are reduced by sulphwrous acid, and by bemg 
heated with a salt oi oxide of iron, or with Viformiaie. 

Characteristic reactions, — Those with cyanide of potassium^ 
cyanide of mercury y and. protochloride of tin. 

62. Sesquioxids of Rhodium:. (RaOg.) 

General characters. — The metal, as well as the anhydrous 
sesquioxide, is insoluble even in boiling aquorregia. Both^ 
however, are dissolved by fusion with hisulphate ofpotassa, or 
on heating a mixture of both with chloride of sodium to red- 
ness and passing over it a stream of chlorine. The colour of 
the hydrated oxide is greenish-grey. The haloid salts of this 
metal are red : the oxysalts yellow, red, or brown. 

Comportment of Salts of Sesquioxide of Rhodium with 

reagents, 

Potassa does not occasion any immediate precipitate; but 
after protracted digestion a precipitate of a greenish-yellow co- 
lour makes its appearance, soluble in excess of the precipitant. 

Ammonia and carbonate of ammonia produce, after a time, a 
yellow precipitate, composed of sesquioxide of rhodium and 
ammonia, which is soluble in hydrochloric acid. 
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• Iodide ofpotMsium throws down yellow iodide of rhodium. 

Hydrosulphwric acid and sulphide qfammonitim produce, aftei^ 
a time, a dark-brown precipitate. 

. All the salts of rhodium are decomposed, and the metal is 
reduced bv exposure to a gentle heat in contact with dry hy- 
drogen gas. They are decomposed also by iron and zinc, which 
cause a deposit of metallic rhodium. 

63, Oxides oe Oshittm. (OsO; OsgOg; OsOg; OsO^.) 

The presence of osmium is discovered in its salts by mixing 
them with a little carbonate of soda, and heating on platinum 
foil ; the metal is converted into osmic acid, which possesses an 
extremely acrid and penetrating odour like chloride of sulphur, 
attacking powerfully the olfactory and respiratory organs, and 
producing, even in minute quantities, a burning sensation in 
the eyes. It communicates also a considerable brilliancy to 
flame. The metal itself is whitish, like platinum, but less bril- 
liant. It is easily pulverized. It dissolves in nitric acid and 
in aqua-regia, osmic acid passing over with the water of the 
acid. Osmic acid is easily reduced by many metals and organic 
compounds. Solutions of salts of oxide of osmium are precipi- 
tated by hydrosulphuric acid and sulphide of ammonium as a 
brownish-black sulphide, insoluble in sulphide of ammonium. 

General JRemarks on the Oxides of the Fifth Choup, {Section A,) 

The metallic oxides constituting this section admit of a divi- 
sion into two sub-sections by their comportment with hydros 
chloric acid. Three of them, viz. oxide of lead, oxide of silver^ 
and oxide of mercury, are precipitated by that reagent ; the 
others are not. Of the chlorides thus formed, chloride of silver 
is easily separated from the other two by ammonia, in which 
it is perfectly soluble, and from which it is again precipitated 
by nitric acid. The same alkali decomposes svhchlm*ide of 
mercury, converting the metal into black suboxide, from which 
chloride of lead may be removed by boiling water, and the 
metal tested for in the clear solution by any of the reagents 
mentioned under its head. The insolubility of sulphide of 
mercury in nitric acid serves to separate this metal from all 
the others in the group. The precipitates caused by potassa 
and ammonia in solutions oi oxide of cadmium and oxide of cop- 
per are soluble in ammonia ; those of the others are not ; but 
the hydrated oxide of copper is soluble also in carbonate of 
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lour, and parts with its water only at a high temperature. Its 
solution in nitric and nitro-hjdrochloric acid has a red-brown 
colour. 

Comportment of solutions of Salts of Fallcidium with reagents. 
(Solution of Chloride of Palladiiun may be used.) 

Potassa precipitates a yellowish-brown basic salt, soluble in 
excess. 

Ammonia precipitates from solution of chloride of palladium 
a compound of chloride of palladium and ammonia (PdCl^NHg), 
soluble in excess of ammonia. 

Carbonated alkalies precipitate a yellowish-brown basic salt, 
soluble in excess of the precipitants. 

Cyanide of potassium and cyanide of mercury produce a yel« 
lowish- white precipitate of cyanide of palladium, soluble in great 
excess of hydrochloric acid. 

Hydrosutphv/ric acid and sulphide of ammonium produce a 
black precipitate, insoluble in sulphide of ammonium. 

Protochloride of tin produces a black precipitate, soluble in 
hydrochloric acid, forming an intense green solution. 

Palladium salts are reduced by sulphurous acid, and by being 
heated with a salt of oande of iron, or with aformiate. 

Characteristic reactions. — Those with cyanide of potassium^ 
cyanide of mercury, and. protochloride of tin. 

62. Sesqtjioxidb or Ehodium. (B^Og.) 

General characters. — The metal, as well as the anhydrous 
sesquioxide, is insoluble even in boiling aqua-regia. Both, 
however, are dissolved by fusion with hisulphate ofpotassa, or 
on heating a mixture of both with chloride of sodium to red-* 
ness and passing over it a stream of chlorine. The colour of 
the hydrated oxide is greenish-grey. The haloid salts of this 
metal are red : the oxy salts yellow, red, or brown. 

Comportment of Salts of Sesquioxide ofBhodium with 

reagents. 

Potassa does not occasion any immediate precipitate; but 
after protracted digestion a precipitate of a greenish-yellow co* 
lour makes its appearance, soluble in excess of the precipitant. 

Ammonia and carbonate of ammonia produce, after a time, a 
yellow precipitate, composed of sesquioxide of rhodium and 
ammonia, which iB soluble in hydrochlqric acid. 
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' Iodide of potassium throws down yellow iodide of rhodium. 

Sydrosulphuric add and sulphide of ammonium produce, aftei^ 
a time, a dark-brown precipitate. 

. AU the salts of rhodium are decomposed, and the metal is 
reduced bv exposure to a gentle heat in contact with dry hy- 
drogen gas. They are decomposed also by iron and zinc, which 
cause a deposit of metallic rhodium. 

63, Oxides of Osmittm. (OsO; Os3 03;Os02; OSO4.) 

The presence of osmium is discovered in its salts by mixing 
them with a little carbonate of soda, and heating on platinum 
foil ; the metal is converted into osmic acid, which possesses an 
extremely acrid and penetrating odour like chloride of sulphur^ 
attacking powerfully the olfactory and respiratory organs, and 
producing, even in minute quantities, a burning sensation in 
the eyes. It communicates also a considerable brilliancy to 
flame. The metal itself is whitish, like platinum, but less bril- 
liant. It is easily pulverized. It dissolves in nitric acid and 
in aqua-regia, osmic acid passing over with the water of the 
acid. Osmic acid is easily reduced by many metals and organic 
compounds. Solutions of salts of oxide of osmium are precipi- 
tated by hydro%ulphuric acid and sulphide of ammonium as a 
brownish-black sulphide, insoluble in sulphide of ammonium. 

General Memarks on the Oxides of the JE'ifth Oroup^ {Section A,) 

The metallic oxides constituting this section admit of a divi- 
sion into two sub-sections by their comportment with hydroi- 
chloric acid. Three of them, viz. oxide of lead, oxide of silver, 
and oxide of mercury, are precipitated by that reagent ; the 
others are not. Of the chlorides thus formed, chloride of silver 
is easily separated from the other two by ammonia, in which 
it is perfectly soluble, and from which it is again precipitated 
by nitric acid. The same alkali decomposes subchloHde of 
mercwry, converting the metal into black suboxide, from which 
chloride of lead may be removed by boiling water, and the 
metal tested for in the clear solution by any of the reagents 
mentioned under its head. The insolubility of sulphide of 
mercury in nitric acid serves to separate this metal from all 
the others in the group. The precipitates CKn^eAhj potassa 
and ammonia m solutions oi oxide of cadmium and oxide ofcop^ 
per are soluble in ammonia ; those of the others are not ; but 
the hydrated oxide of copper is soluble also in carbonate of 
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lour, and parts with its water only at a high temperature. Its 
solution in nitric and nitro-hydrochloric acid has a red-brown 
colour. 

Comportment of solutions of Salts of Palladium with reagents, 
(Solution of Chloride of Palladium may be used.) 

JPotassa precipitates a yellowish-brown basic salt, soluble in 
excess. 

Ammonia precipitates from solution of chloride of palladium 
a compound of chloride of palladium and ammonia (FdClyNHs), 
soluble in excess of ammonia. 

Carbonated alkalies precipitate a yellowish-brown basic salt, 
soluble in excess of the precipitants. 

Cyanide of potassium and cyanide of mercury produce a yel* 
lowish- white precipitate of cyanide of palladium, soluble in great 
excess of hydrochloric acid. 

Hydrosuiphuric acid and sulphide of ammonium produce a 
black precipitate, insoluble in sulphide of ammonium. 

Protochloride of tin produces a black precipitate, soluble ill 
hydrochloric acid, forming an intense green solution. 

Palladium salts are reduced by sulphurous acid, and by being 
heated with a salt oi oxide ofiron^ or with fiformiate. 

Characteristic reactions, — Those with cyanide of potassium^ 
cyanide of mercv/ry^ and protochloride of tin, 

62. Sesqttioxidb or Rhodium:. (BgOg.) 

General characters, — The metal, as well as the anhydrous 
sesquioxide, is insoluble even in boiling aqua^regia. Both, 
however, are dissolved by fusion with hisulphate ofpotassa, or 
on heating a mixture of both with chloride of sodium to red- 
ness and passing over it a. stream of chlorine. The colour of 
the hydrated oxide is ^eenish-grey. The haloid salts of this 
metal are red : the oxysalts yellow, red, or brown. 

Comportment of Salts of Sesquioxide ofPhodium with 

reagents, 

Potassa does not occasion any immediate precipitate ; but 
after protracted digestion a precipitate of a greenish-yellow co* 
lour makes its appearance, soluble in excess of the precipitant. 

Ammonia and carbonate of ammonia produce, after a time, a 
yellow precipitate, composed of sesquioxide of rhodium and 
ammonia, which is soluble in hydrochloric acid. 
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' Iodide of potassium throws down yellow iodide of rhodium. 

Sydrosulphtmc acid and sulphide of ammonium produce, after^ 
a time, a dark-brown precipitate. 

. All the salts of rhodium are decomposed, and the metal is 
reduced bj exposure to a gentle heat in contact with drj hy- 
drogen gas. They are decomposed also by iron and zinc, which 
cause a deposit of metallic rhodium. 

63. Oxides oe Osmium. (ObO; Os3 08;Os02; OsO^.) 

The presence of osmium is discovered in its salts by mixing 
them with a little carbonate of soda, and heating on platinum 
foil ; the metal is converted into osmic acid, which possesses an 
extremely acrid and penetrating odour like chloride of sulphur, 
attacking powerfully the olfactory and respiratory organs, and 
producing, even in minute quantities, a burning sensation in 
the eyes. It communicates also a considerable brilliancy to 
flame. The metal itself is whitish, like platinum, but less bril- 
liant. It is easily pulverized. It dissolves in nitric acid and 
in aqua-regia, osmic acid passing over with the water of the 
acid. Osmic acid is easily reduced by many metals and organic 
compounds. Solutions of salts of oxide of osmium are precipi- 
tated by hydrosulphuric acid and sulphide of ammonium as a 
brownish-black sulphide, insoluble in sulphide of ammonium. 

Crcneral Remarks on the Oxides of the Fifth Chroup, {Section A.) 

The metallic oxides constituting this section admit of a divi- 
sion into two sub-sections by their comportment with hydros 
chloric acid. Three of them, viz. oxide of lead, oxide of silver^ 
and oxide of merctm/, are precipitated by that reagent ; the 
others are not. Of the chlorides thus formed, chloride of silver 
is easily separated from the other two by ammonia, in which 
it is perfectly soluble, and from which it is again precipitated 
by nitric acid. The same alkali decomposes svhchloride of 
mercury, converting the metal into black suboxide, from which 
chloride of lead may be removed by boiling water, and the 
metal tested for in the clear solution by any of the reagents 
mentioned under its head. The insolubility of sulphide of 
mercury in nitric acid serves to separate this metal from all 
the others in the group. The precipitates caused by potassa 
and ammonia in solutions of oxiae of cadmium and oxide of cop^ 
per are soluble in ammonia ; those of the others are not ; but 
the hydrated oxide of copper is soluble also in carbonate of 
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V depreBBing the porcelain plate upon the flame, brown 
BpotB will be obtained: these incniBtationB have » 



On DOW d 
arsenic BpotB 

Bhiniog metallic appearance, those of Bntimony being black 
and poBseBsing Bcarcely any metallic lustre. The arsenical 
crust is, moreover, easily soluble in Bolution ofehloride t^lime, 
that of antimony being unaffected by that reagent. On ap- 
plying the flame of the spirit lamp to the horiEontal part of 
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the tube, an incniBtation of metallic arsenic will be formed on 
the cold part of the tube, which is darker and less silvery than 
that formed by antimony under similar circumstances ; and on 
cutting off the tube near the deposit and heating it strongly 
in a long test-tube, the arsenic is converted into araenious 
acid, which is recognized by its garlic odour, and which may be 
diBBolved in hot water, and tested by nitrate of tiher and tul- 
vhate of copper. 

The following modiflcation (Fig. 40) of Marsh's apparatus by 
the Academy of Sciences of Berlin is described by Dr. TJre (Sup- 
plement to the Dictionary of Arts, Manufkctures, and Mines): — 

B is a narrow glass cylinder open at top, about 10 inches 
hi^h,andlior l^inchin diameter inside, a is a glass tube about 
1 inch in diameter outside, drawn to a point at bottom, and shut 
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with a cork at top. Tfarough the centre of this cork the Bmal] 
tube c paaeea down air-tight, and is furnished at top with a 
ttopcock, into which the small 
bent glass tuhe (without lead) s r 
IB cemented. The bent tuhe e is 
joined to the end of e by a perfo- 
rated cork. 

This apparatus is used as fol- 
lows : Introduce a few oblong slips 
of zinc free &om arsenic into a, and 
then insert its air-tieht cork with 
the attached tubes. Having opened 
the stopcock, pour into the tube 
B as much of the suspected liquid, 
acidulated with dilute pure sul* 
phurtc acid, as will rise to the top 
of the cork in a, and itnmedi- 
ately shut the stopcock. The ge- 
nerated hydrogen will force down 
the liquid out of the lower orifice of 
A into B, and raise the leTel of it ^-r^- 
above the cork. The extremity of p. ^ 

the tube r being dipped beneath 

the surface of a weak solution of nitrate of silver, and a spirit 
flame being placed a little to the left of the letter b, the stop- 
cock is then to be slightly opened, no that the gas which now 
fills the tube a may escape so slowly as to pass off in separate 
small bubbles through the silver solution. By this means the 
whole of the arsenic contained in the arseniuretted hydrogen 
will either be deposited in the metallic state upon the inside of 
the tube b, or a characteristic hlaek powder will be deposited in 
the silver solution. The iirst charge of gas in a being expended, 
the stopcock is to bo shut tiU the liquid be again expelled from 
it by a fresh disengagement of hydrogen. The ring of metallic 
arsenic deposited beyond e may be chased onwards by placing 
a^^econd flame under it, and thereby formed into an oblong, 
bnlliant, steel-like mirror. It is evident that by the patient 
use of this apparatus, the whole arsenic in any poisonoas liquid 
may be collected, weighed, and subjected to every kind of che- 
tnical verification. By means of the perforated cork, the tube 
r may readily be turned ahotit, and its taper point raised into 
•ucb a position as, that when the hydrogen ibsuing from it is 
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kindled, the flame majr be made to pla^ upon a sin&ce of ghm 
or porcelain, in order to form the arsenical mirror. 

A method of distinguishing between the metallic mirrors 
formed by antimony and arsenic under similar circumstances^ 
is founded on the decomposition of sulphide of antimony by hy«» 
drochloric acid gas and the volatility of the antimony thus formed* 
We can thus not only distinguish an arsenical from an antimo* 
nial deposit, but when both metals are present we can separate 
them perfectly. We proceed thus : — The mirror having been 
obtained, a feeble stream of dry sulphuretted hydrogen is sent 
through the tube, a gentle heat being at the same time applied $ 
if the metal be arsenic alone, sulphide of that metal of a light 
yellow colour will be formed ; if it be antimony alone, the sul* 
phide is either orange-red or nearly black ; if both metals be 
together, then both are converted into sulphides ; but the 
sulphide of arsenic being more volatile than the sulphide of 
antimony, it will be deposited in a more advanced part of the 
tube. A current of dry hydrochloric acid gas is now passed 
through the tube ; chloride of antimony is formed withoui tJui 
application of heat, and is entirely removed in the current of 
gas. The sulphide of arsenic remains unaltered, and may be 
distinguished from sulphur by its solubility in ammonia. 

Bloxam ('Quarterly Journal of the Chemical Society,* voL 
ziii. p. 12), impressed with the difficulties which frequently 
beset the detection of arsenic by Marsh's process, arising (1) 
from the occasional presence of the poisonous metal in the 
zinc and sulphuric acid employed, and (2) by the frothing occa-* 
sioned by the viscidity of the mixture when organic matters 
are present, has suggested the employment of the galvanic 
current. He thus describes his apparatus : — '* It consists of ft 
two-ounce narrow-mouthed bottle, the bottom of which had been 
cut off and replaced by a piece of vegetable parchment tightly 
stretched over it, and secured by a ligature of fine platinum wire* 
The bottle is furnished with a cork carrying a small tube, bent 
at right angles, and connected with the drawn-out reduction^* 
tube by a caoutchouc tube ; through this cork passes a platinum 
wire bent into a hook inside the bottle, for suspending thd 
negative plate. The bottle is placed in a glass of such a size 
as to leave a small interval between the two, and this glass is 
allowed to stand in a large vessel of cold water ; ^n o.unce of 
dilute sulphuric acid is introduced into the apparatus, so as to 
fill the bottle and the outer space to about the same level, tho 
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poBitiye plate being immersed in tbe acid contained in the 
outer space. When the bottle has become filled with h jdrogen^ 
the shoulder of the reduction-tube is heated to redness during 
fifteen minutes, to ascertain the purity of the sulphuric acid^ 
and the liquid to be tested is introduced into the bottle by 
means of a pipette, the cork being removed for an instant (or 
a tube-fnnnel may be used) ; a drachm of alcohol is afterwards 
added, to prevent frothing." By this process, according to the 
author, ^Itt gmin and even fjftnf gi'^in of arsenious acid can 
be detected in an organic mixture with the greatest ease and 
certainty. 

Metallic copper (which must be free from arsenic), when 
boiled with an acidified mixture containing arsenious acid^ 
becomes covered with a steel-grey crust of metallic arsenic* 
This is an exceedingly delicate test, and will, according to its 
difv»)verer, Beinsch, detect the metal when present in no more 
than one^millumth part of the liquid ; but as various other 
metals, ftMmtfM, antimony^ etc., are likewise precipitated under 
similar circumstances, it is necessary to submit the crust to a 
eareful examination. The liquid to be tested, having been 
acidified with hydrochloric acid, is boiled with thin strips or 
wires of electro-precipitated copper until a distinct film is 
deposited. The strips or wires are then removed, and tho- 
loughly dried between folds of blotting-paper; they are then 
introduced into a long narrow test-tube of hard German glass^ 
and carefully heated, in a sloping position, over a spirit or gas-* 
lamp ; octahedral crystals (the form of which can be realily 
recognized with the aid of a small pocket-lens) will soon make 
their appearance. The tube is allowed to cool, the copper 
fragments are thrown out, the tube boiled out with distilled 
water^ and the solution tested for arsenious acid with sulphu* 
retted hydrogen^ ammonio-nitrate of eilver^ and ammoniosuU 
phate of copper. Should oxidizing agents, especially chlorate 
of potassa, be present in the solution to be tested, no arsenic 
will be deposited until they are destroyed, but the copper will 
be dissolved, communicating a blue colour to the liquid. After a 
time, that is, as soou as the oxidizing agents are removed from 
the liquor, the arsenic is precipitated upon the undissolved 
copper. Should that metal itself contain any arsenic, this will 
also be precipitated ; hence the great importance of ascertain- 
ing* previous to making the experimenti that the copper is 
perfectly pure. 
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Arsenic in paper-kanpngs. — ^The paper is cut into strips and 
boiled for a few minutes with dilute hydrochlorie aeid, and the 
filtered liquid treated with metallic copper in the manner 
described above ; or, in order to avoid any ambiguity which 
may arise from the possible presence of arsenic in the copper 
or in the hydrochloric acid, a few grains of the suspected green 
colour may be scraped off and introduced into a clean dry test- 
tube. The aperture of the tube being closed, it is gently heated 
in the flame of a gas or spirit-lamp; the green powder soon 
becomes carbonized, and if arsenic be present a sublimate of 
arseuious acid is obtained ; when cold the carbonized residue 
is removed, the test-tube is about one-quarter filled with dis- 
tilled water, a drop or two of solution of caustic potassa added, 
and the mixture boiled. The solution obtained is tested with 
ammonio-nitrate of silver, or ammonio-sulphate of copper, when 
characteristic yellow and green precipitates will be obtained. 

67. Detection of Arsenic in Organic Chmpotmds. 

To prepare an oi^anic mixture suspected to contain arsenie 
for the reception of sulphuretted hydrogen, Eresenius digests 
it (HI a water-bath, with an equal weight of concentrated hydro- 
chloric acid, and as much water as will give the whole a thin 
consistence ; chlorate of potassa is then added, in portions of 
about half a drachm, at intervals of about five minutes, and 
until the contents of the basin have assumed a bright yellow, 
perfectly homogeneous, and a thin liquid appearance. When 
this point is attained, about two drachms more of chlorate 
of potassa are added to the mixture, and the basin is removed 
from the water^bath. When cool, it is filtered, and the 
residue washed, until all acid reaction ceases. The filtrate 
is concentrated to about a pint, and excess of sulphurous acid 
added, to reduce the arsenic acid to arsenious acid, the former 
being far less readily precipitated by sulphuretted hydrogen 
than the latter. The excess of sulphurous acid is then expelled 
by heat, and the flaid exposed to a slow stream of sulphuretted 
hydrogen gas for about twelve hours. The sulphide of arsenic 
thus obtained, is washed and treated with fuming nitric acid, 
evaporated to dryness, moistened with pure sulphuric acid, and 
gently heated, first on the water-bath, and afterwards at a 
higher temperature (not, however, above 300^), until the mass 
begins to crumble. The residue is treated with boiling water^ 
filtered, and the limpid fluid, after being acidified with hydro^ 
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cbloric acid, is again precipitated by sulphuretted hydrogen. 
The pure sulphide of arsenic thus obtained is mixed with 
carbonate of soda and cyanide of potassium, and reduced in an 
atmosphere of carbonic acid, as above described. 

MM. Dufloss and Hirsch proceed as follows : — ^The suspected 
mass (the stomach, for instance, with its contents) is digested 
in a tubulated retort, with an equal weight of pure hydro- 
chloric acid ; the retort is connected with a receiver in which a 
little water is placed, the object of which is to collect any 
chloride of arsenic that might volatilize during the process. 
The retort is heated by a bath of chloride of calcium until the 
mass acquires the consistence of paste, when it is allowed to 
cool. It is then mixed with twice its weight of strong alcohol, 
and after some time the undissolvedportion is coUected on 
a filter, and washed with alcohol. The alcoholic liquid and 
the washings are lastly introduced into a retort, and the alcohol 
distilled off. The residue in the retort is mixed with the acid 
liquor which passed into the receiver during the first distiOa- 
tion, and the mixture is exposed to sulphuretted hydrogen. 

Danger and Elandin heat the organic substance with one- 
sixth of its weight of concentrated sulphuric acid; the sub- 
stance is carbonized without foaming ; it is continually stirred 
till the charcoal is dry ; a small quantity of nitric acid or aqua- 
regia is then added, and the whole extracted with water. They 
observe, however, that the carbonizing process must only be had 
recourse to when all attempts to obtain evidence of the poison 
without it, have failed. 

Dr. Letheby proposes the following method of treating 
organic substances, by which he states that it is not difficult 
to discover -^^ of a grain of arsenic in many ounces of organic 
matter. The substance, if solid, such as the liver, intestine, or 
muscle, is cut into small pieces and heated to dryness with aqua- 
regia ; the charred mass is boiled with two or three successive 
portions of water, slightly acidulated with nitric acid, and then 
boUed for about half an hour with pure granulated zinc, (which 
is best prepared by exposing to a red-heat, in a Hessian cru- 
cible, alternate layers of granulated zinc, and one-fourth of its 
weight of nitre, taking care to begin by a layer of saltpetre, 
and to finish by one of zinc ; deflagration takes place, and. 
when it is over the scorisB are renioved, and the pure metal 
run into an ingot), the arsenic will be deposited on the. zinc, 
giving it a greyish-black appearance. The arseniated zinc is 
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introduced into a Marsh's apparatas of peculiar constraction, 
and the evolved gas conveyed into ajar containing solution 
of nitrate of silver, according to Lassaigne's method ; a black 
precipitate is produced, and by taking the precaution of not 
allowing the gas to come over too quickly, the whole of it ia 
certain to be decomposed. 

6(AgO,N06) + A8H3=6Ag+As03+3HO+6N06. 
To this black, turbid solution, hydrochloric acid is added, till 
all the silver is precipitated, and a little acid remains in excess. 
It is then boiled for a few minutes, filtered, and evaporated to 
dryness ; the residue, if there be any, is boiled witn distilled 
water, and carefully precipitated by ammomo-nitrate of silver. 
If any arsenic had been present, it would by this process have 
been converted into arsenic acid, which would give a red pre- 
cipitate, with ammonio-nitrate of silver. 

68. Absenio Acid. (AsOg.) 

Creneral eharaders, — This acid, which is even more poisonous 
than arsenious acid, is remarkable for its analogy with tribasic 
phosphoric acid. Like the latter, it only partially dissolves in 
water, leaving a powder, which is only dissolved with great 
difficulty. At a red-heat it is partially decomposed, and at a 
high temperature it is resolved into arsenious acid and oxygen. 
It is deliquescent, and strongly acid. The salts which it forms 
are called arseniates ; they are mostly insoluble or sparingly 
soluble in water, but dissolve in hydrochloric acid ; the alka- 
line arseniates are soluble in water. Sulphurous add, aided by 
heat, reduces it into arsenious acid. 

Comportment of solutions of Arsenic Acid and the Arseniates 

with reagents, 

Hydrosulphuric acid produces no precipitate in neutral or 
alkaline solutions ; but, in acid solutions, a yellow precipitate 
(As 85) is very slowly formed. Hence, previous to precipita- 
ting arsenic, when in the form of arsenic acid, by means of 
this reagent, it is reduced to arsenious acid by treatment with 
sulphurous acid. 

Nitrate of silver produces a red-brown precipitate of arse-^ 
niate of silver (8 AgO, AsOg), soluble in dilute nitric acid and 
in ammonia. 

Ammonio-nitrate of silver behaves in a similar manner. 

Sidphate and ammonuhs$ilphate of copper produce agreenish-» 
blue precipitate (2CuO,A80g). 
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"Before the hhtopipe, heated on charcoal in the inner flaine, 
arseniates are reduced, disengaging the pecuHar garlic odour 
of sahoxide of arsenic, by which minute traces may be recog- 
nized. 

69. Oxide of Tin. (SnO.) 

General ehariwters. — When pure, it is black, but by tritura- 
tion it acquires a grey, green, or brown tinge. It is not altered 
in dry air, but when brought in contact with bodies in a state 
of ignition it takes fire. Burning with considerable intensity, 
emitting a white smoke, and is conyerted into white peroxide 
(SnOg). The hydrated oxide, which is obtained by precipita- 
ting a solution of the metal in hydrochloric acid by carbonate 
of potassa, is a white powder, which also takes fire on being 
brought into contact with a burning body, and glows like 
tinder. It is more easily soluble than the anhydrous oxide. 
When boiled in water, it is decomposed and a black powder is 
formed, which slowly absorbs oxygen, and acquires a lighter 
colour. Oxide of tin is dissolyed by the fixed caustic alkalies, 
but the solution gradually decomposes, depositing metallic tin, 
the solution then contaming a combination of peroande and 
alkali. Chloride of tin is decomposed when brought into con- 
tact with water, an insoluble compound of oxide and chloride 
being formed. This decomposition is preyented by the addi- 
tion of free hydrochloric acid. 

Comportment of solutions of Oxide of Tin with reagents. 
(Solution of Protochloride of Tin may be used.) 

Fotassa, ammonia, and their carbonates produce a white preci* 
pitates(SnO,HO), soluble in potassa; by repose, and more ra- 
pidly when boiled, the solution is decomposed, metallic tin and 
peroxide of tin being formed. 

Phosphate of soda produces a white precipitate. 

Ferrocyanide of potassivm giyes a white gelatinous preci- 
pitate. 

Ferridcyanide of potassium occasions a white precipitate, so- 
luble in hydrochloric acid. 

JSydrosulphurio acid and sulphide of ammonjum produce a 
dark-brown precipitate, soluble in potassa and in alkaline sul- 
phides, particularly such as contain excess of sulphur ; soluble 
also in hydrochloric acid ; but nitric acid conyerts it by boiling 
into peroxide of tin ; the solution of sulphide of tin in. suU 
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phide of calcium is precipitated as a yellow bisulphide of tin by 
hydrochloric acid. 

A bar of metallic zinc precipitates tin in small greyish-white 
metallic spangles. 

Chloride of mercury produces a white precipitate of subchlO' 
ride of mercury, (HgCl.) 

The salts of this oxide, from their tendency to absorb oxy- 
gen, are powerful reducing agents ; they are all decomposed by 
exposure to the air, passing into salts of the peroxide. 

Before the blowpipe, heated in the inner flame on charcoal 
with a mixture of carbonate of soda and cyanide of potassium^ 
protosalts of tin yield ductile grains of metallic tin without 
any incrustation taking place. 

Characteristic reaction, — The most characteristic test for 
protoxide of tin is the reddish-purple coloration or precipi- 
tate which its solutions produce with terchhride of gold, 

70. Peboxide of Tik. (SnOg.) 

General characters, — This oxide differs, according to its mode 
of formation, not only in its physical, but also in its chemical 
properties ; it is found native and crystallized ; the crystals are 
sometimes yellowish-brown and transparent, and sometimes 
nearly black : when prepared by the action of nitric acid on 
the metal, it is a white powder, and almost insoluble in acids, 
but by fusion with carbonate of potassa it is rendered soluble ; 
the oxide produced by precipitating the perchloride by ammo- 
nia is easily soluble in acids ; but after it has been ignited it is 
insoluble, but it is again rendered soluble by fusion with car- 
bonate of potassa. 

Comportment of solutions of Peroxide of Tin with reagents, 
(Solution of Bichloride of Tin (Sn Glj) may be used.) 

Potassa and ammonia produce a white precipitate, soluble in 
potassa and in great excess of ammonia. 

Carbonates (f potassa and ammonia produce a white precipi- 
tate, soluble in carbonate of potassa^ but insoluble in carbonate 
of ammonia. 

Phosphate of soda produces a white precipitate. 

Hydrosulphuric add and sulphide of ammonium throw down 
from add and neutral, but not from alkaline solutions, a yellow 
precipitate of bisulphide of tin, soluble in alkalies, alkaline 
carbonates, and sulphides, and in concentrated boiling hydro- 
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chloric acid ; nUrieaeid conrerts it into peroxide, and bj fusion 
with nitre it gives rise to the formation of sulphate and tiari^ 
nate of potassa, 

A bar of metallic zinc throws down a white gelatinous preci- 
pitate, hydrogen gas being disengaged. 

JBdhre the blowpipe, heated with carbonate of soda on char^ 
coal m the inner flame, persalts of tin are reduced to the me- 
tallic state. 

Charaeteristie reaction, — ^That with hydrosulphuric aeid, 

71. BlirOXIDE OF FLATIKirK. (PtOg.) 

General characters, — The hydrate is obtained as a reddish- 
brown voluminous precipitate, closely resembling hydrated ees^ 
quioxide of irony by precipitating a solution of the nitrate by 
caustic soda ; it contracts considerably on drying ; heated in a 
retort, it loses its water and becomes black ; at a higher tem- 
perature, it parts with oxygen, leaving the metal. Platinum is 
insoluble in nitric and hydrochloric acids, but it dissolves in 
aqua-re^, forming a red-brown solution containing bichloride 
of platinum (PtClg). 

Comportment of solutions of Salts of Platinum with reagents, 
(Solution of Bichloride of Platinum may be used.) 

Potassa produces a yellow crystalline precipitate, consisting 
of the double chloride of platinum and potassium (K Cl,PtCl2) ; 
the addition of hydrochloric acid favours its formation ; it is 
insoluble in acids, but dissolves with the aid of heat in potassa ; 
it is very slightly soluble in water, and insoluble in strong al- 
cohol. 

Ammonia produces a yellow crystalline precipitate, the dou" 
ble chloride of platinum and ammonium (NH4Cl,PtCl2) having 
the same characters as the former, and soluble in excess of am- 
monia aided by heat ; when exposed to a red-heat it is com- 
pletely decomposed, leaving idie metal in a spongy form. 

Surbnitrate of mercury produces a yellowish -red precipitate. 

Chloride of tin communicates to solutions of bichloride of 
platinum a deep red-brown colour, without producing any pre* 
cipitate. 

Hydrosulphuric acid and sulphide of ammonium, aided by heat, 
produce in acid and neutral solutions a brownish-black preci- 
pitate (PtS^), soluble in excess of alkalies and alkaline sul- 
phides, insoluble ia nitric and hydrochloric acids, but soluble 
in aqua-regia. 



12S aUAIiITATITE ANAL18IS, 

CharaeterUfie reaetians. — ^Those with pofassa and ammonia 
in the presence of hydrochloric acid. 

72, BiKoxiBB OF Ibidiijm. (IrOg.) 

Iridium forms four compounds with oxygen, viz. IrO ; 
Ir^Og; IrO^; IrOg. Of these, the most important is the bin" 
oaide (IrO^). According to Berzelius, (G-melin,) this oxide is 
only known in its salts, and cannot be precipitated by alkalies 
or alkaline carbonates, because they dissolve it ; according to 
Glaus, however, it is the most easily prepared of all the oxides 
of iridium, and is always deposited in the form of a bulky, in- 
dififo-coloured precipitate when a solution of either of the chlo- 
rides of iridium is boiled with an alkali ; this precipitate is a 
hydrate (Ir03-f-2aq). When heated in an atmosphere of car- 
bonic acid it exhibits a strong momentary incandescence, at 
the same time giving off its water, together with 1 or 1^ per 
oent. of oxygen, and becoming black and insoluble in acids. 

Behaviour of Salts ofBitioxide of Iridium with reagents, 

Hydrosulphuric acid first decolorizes the solution and then 
precipitates stdphide of iridium of a brown colour, easily soluble 
in sulphide of ammonium. 

Protochloride of tin decolorizes the solution and forms a pale* 
brown precipitate. 

Frotosulphate of iron decolorizes the solution and forms a 
dirty white or dingy green precipitate. 

Subnitrate of mercury produces a pale-brown precipitate. 

Oxalic add and ferrocyanide of potassium decolorize the 
solution. 

Ammonia decolorizes the solution and forms a brown preci- 
pitate. 

Fotassa produces a scanty blackish-grey precipitate ; the su- 
pernatant liquid, which at first is nearly colourless, acquires by 
standing a violet-blue colour, and yields on evaporation a blue 
precipitate. j^ 

Nitrate of silver produces a deep indigo-coloured precipitate^ - jB 
which after a while becomes colourless. ^ 

73. Teboxide op Gold. (AuO,.) 

General characters, — The hydrate of this oxide, which from 
its tendency to combine with Bases, and from the little disposi- 
tion which it has to combine with acids, ought perhaps more 
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correctly to be called auric acid, is of a yellowisb-red colour ; 
the anhydrous oxide is black or deep-brown. The hydrate, 
dried without the aid of heat, is of a chestnut-brown colour, 
and has a vitreous fracture. At 212^ it loses its water, and 
becomes partially reduced ; even in the dark it undergoes par- 
tial decomposition, and at a red-heat it is resolved into metallic 
gold and oxygen. The metal is insoluble in nitric or hydro- 
chloric acid, but it dissolves in aqua regia, fonning a fine yellow 
solution, containing terchloride of gold (AuClg). 

Sehaviour of solution of Terchloride of Gold with reagents. 

Fatassa after a time produces an inconsiderable reddish- 
brown precipitate, consisting of awrate of potassa and chloride 
of potassium. AuCl3+4KO=KO,Au03-|-3KCl. 

Ammonia produces a yellow precipitate (aurate of ammonii^ 
or fulminating gold). 

Ferrocyanide of potassium communicates to solution of gold 
an emerald-green colour. 

Protosulphate of iron produces in concentrated solutions an 
immediate dark-brown precipitate of metallic gold. 

AuCl3+6(FeO,S03)=2 (Fe203,8S03)H-Fe2Cl3 + Au. 
In dilute solutions a blue colouring is first perceived, followed 
by a brown-coloured precipitate. 
. Frotonitrate ofmercwry occasions a black precipitate. 

Oxalic acid produces a precipitate of metallic gold, thus : — 
AuCl3 + 3(HO,C203)=Au+3HCH-6C02. 

Frotochloride of tin, to which a drop of nitric acid has been 
added, communicates a reddish-purple colour to very dilute solu- 
tions ; in concentrated solutions a red-purple precipitate (purple 
of Oassius) is formed ; probably (Au O, Sn O^ + Sn O, Sn O^ + 4aq) 
hydrated double stannate of gold and tin. 

A bar of metallic zinc precipitates metallic gold in the form 
of a brown coating. 

Hydrosulphuric acid and sulphide of ammonium precipitate 
from neutral and acid solutions of gold, the tersulphide (AuSg), 
soluble in sreat excess of sulphide of ammonium, and in aqua- 
regia, but insoluble in all other acids and alkalies. 

Characteristic reactions. — Those with protochloride of tin, 
protosulphate of iron, and oxalic acid. 

74. Seleniotts Acid. (SO3.) 
General characters. — On: evaporating a solution of selenium 

FABT I. K 
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in aqua regia, this acid remains in the form of a white saline 
inassy which at the temperature of ahout 600^ assumes the form 
of a deep-yellow gas, much resemhling chlonne ; on cooHng, 
the acid condenses in long needles, and hy allowing it to cool 
slowly it is deposited in the form of a semitransparent crust. 
When first prepared it has a hrilliant appearance, but by ex* 
posure to the air it becomes dull, from the absorption of mois- 
ture. Its taste is distinctly acid, but it leaves a burning taste 
in the mouth ; it is irery soluble in boiling water : the solution 
deposits the hydrated acid on cooling in the form of striated 
prisms. The hydrated acid is also deposited from a hot solu- 
tion in nitric acid in long prisms resembling nitre. It is easily 
reduced. On introducing a slip oi' zinc or polished iron into a 
solution of selenious acid mixed with hydrochloric acid, it imme- 
diately becomes covered with a copper-coloured deposit, and 
selenitim precipitates by degrees in toe form of red, brown, or 
greyish-black flocks, according to the temperature. A mixture 
of sulphuric and selenious acids is slowly acted on, and the pro* 
cipitate contains a little sulphur. Selenious acid is also decom- 
posed by silver. Selenium is best precipitated from selenious 
acid and the selenites by sulphite of ammonia. The liquor, 
which is at first clear, becomes yellow, then turbid, then cinna* 
bar-red, and after a few hours it deposits red flocks of selenium, 
1£ nitric acid be present, a perfect reduction cannot be efiected. 

Comportment of Selenious Acid and Selenites with reagents. 

HydrosulphuHc acid produces in an acid solution a yellow 
precipitate oi sulphide of selenium, which is soluble in sulphide 
of ammonivm. 

Solid selenites, heated in a tube with chloride of ammonium, 
afford a sublimate of selenium, which is recognized by its pe- 
culiar odour. 

Before the hlovjpipe, the minutest trace of selenium may be 
recognized by ignition on charcoal in the oxidating flame ; a 
strong disagreeable smell, similar to decaying horseradish, is 
given off*. If much selenium be present, a reddish vapour is 
evolved, and a steel-grey sublimate is deposited on the char*, 
coal, which on the exterior edges sometimes passes into violet, 
and in thin layers blue. 

75. Tellueous Acid. (TeOg.) 
General characters, — This acid is obtained in crystalline 
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grains, hj acting on tellurium with nitric add, and, as a white 
locculent hydrate, by precipitating the solution in nitric acid 
with water. The yellow colour which the acid frequently ex- 
hibits arises from impurities. When first laid on the tongue, 
ilb produces little taste ; but after a time a very disagreeable 
metallic taste, similar to that of salts of silver, is experienced. 
It reddens litmus-paper, though not immediately; it is Tory 
sparingly soluble in water. On being heated, it acquires a fine 
Oitron-yellow colour ; but on cooling it again becomes colour- 
less; at a red-heat it melts into a transparent deep-yellow 
liquid, solidifying on cooling into a colourless crystalline mass ; 
heated in the open air, it fumes, and slowly sublimes ; heated 
in open vessels with carbon, it is reduced with detonation, the 
greater part of the tellurium volatilizing ; in close vessels the 
reduction takes place easily, but the metal is obtained with 
difficulty in a compact mass. It is also reduced, though not 
very readily, by hydrogen gas. It is very sparingly soluble in 
aeiasj in ammonia, and in the carbonated alkalies. The caustic 
fixed alkalies, on the other hand, dissolve it immediately. When 
tellurous acid is fused with an equal weight of carbonate qfpo- 
tassa, and the tellurite of potassa thus obtained dissolved in 
water, and mixed with a slight excess of nitric acid, a white vo- 
luminous hjdrate is produced, which has an acrid metallic taste, 
instantly reddens litmus-paper, and is soluble in water, and 
very soluble in nitric and other acids, and also in caustic am- 
monia and the carbonated alkalies. 

Chmportment of solution of Tellurous Acid with reagents. 

The caustic alkalies and their carhonates produce a white 
precipitate, soluble readily m potassa, and soluble also in alka- 
line carbonates. 

Sffdrosulphuric acid produces a dark-brown precipitate, very 
soluble in sulphide of ammonium. 

Sulphurous acid, alkaline sulphites, and metallic zinc, produce 
a blacff precipitate of metallic tellurium. 

Protoehloride of tin and protosulphate of iron produce a black 
powder, which on being ruobed assumes a metallic lustre. 

Before the blowpipe, heated on charcoal, or in a glass tube 
open at both ends, a white sublimate with a reddish border is 
obtained in either flame, and which disappears with a beautiful 
bluish-green tinge ; when the reducing flame is directed on it 
in large quantities, the flame also becomes blue ; if the peculiar 

K 2 
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smell of horseradish is perceptible, telenium is present ; if the 
substance under examination contain other metals, as lead or 
bismuth, it should be mixed with boracic acid, which will dia»> 
solve those metals and prevent them from volatilizing. 

76. Oxides or Tungsten. (WOg; WO5.) 

Svnoxide of Tungsten. — General eharaciers : This oxide, when 
prepared by reducing tungstic acid bv hydrogen gas, is brown ; 
it may be obtained crystalline and 01 a metallic lustre, by em« 
ploying crystallized tungstic acid, such as is obtained by doi- 
composing ttmgstate of ammonia in close vessels. The oxide in 
this state has, when pressed together, a deep copper colour. 
By pouring dilute hydrochloric acid on tungstic acid, and 
placing in the liquor a strip of zincy it is gradually decomposed, 
and oxide of tungsten is obtained in the form of brilliant eop- 
per-coloured spangles, but it cannot be preserved or even dried 
m this state. It may also be obtained in the form of a beauti- 
ful violet-brown precipitate, by mixing chloride of tungHen with 
water, but it is very unstable : the oxide obtained in the dry 
way may be preserved without alteration. When heated below 
redness, it burns like tinder, and is converted into tungstic acid. 
It does not appear to form salts with acids, but it dissolves in 
concentrated caustic potasaa with the disengagement of heat 
and the formation of tungstate of potassa. This oxide is re* 
markable for a beautiful compound which it forms with soda ; 
it is prepared bv saturating fused tungstate of soda with tung-^ 
stic acid, and reducing the mass by heat in a current of hydro- 
gen gas : after having dissolved out the neutral undecomposed 
tungstate, the new compound remains in the form of regular 
cubes and scales of a golden-yellow colour, possessing metallic 
lustre, and having all the appearance of gold. It is not acted 
upon by any acid but the h^drty/luorie ; aqua regia has no ac- 
tion on it, but it is decomposed by oxygen gas, sulphur^ and 
chlorine, at a high temperature. No such compound can be 
formed with potassa or with the alkaline earths. 

Tungstic Acid (WOg). — General characters: This acid is 
generally prepared by fusing a mixture of finely powdered wolfi' 
ram with an equal weight of carbonate of potassa, and half its 
weight of nitre. The alkaline tungstate thus formed is dis» 
solved in water exactly neutralized by nitric acid, precipitated 
by nitrate of mercury, and the precipitate calcined in a plati- 
num crucible. It is of a fine yellow colour, becoming dark* 
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gi^n i^hen Btroiigly heated ; it also assumeB a greeii tint by 
mere exposure to the rays of the sun ; it is insoluble in water, 
but readily soluble in caustic alkalies* Hydrated tungstic acid 
is formed slowly as a gelatinous mass, by heating a diluted so^ 
lution of an alkaline tungstate with dilute nitric acid ; when 
washed and dried, it is a powder of a brilliant opaque yellow- 
grey colour. Ttmgatie acid, like mohfhdic acid, unites with 
other acids, acting the part of a base. 

Zinc produces, in acid solutions of tungstic acid a beau- 
tiful blue colour, owing to the formation of oadde oftunf§ten. 
' Sulphide of tung9ten is precipitated when a tungstate is de» 
eomposed by acids in the pres^ice of mtlphide qfammoniufn» 

Before the blowpipe, tungstic acid is thus detected :• — Mix a 
small por^n of the mineral with five times its volume of soda, 
and heat strongly in a platinum spoon ; dissolve in water, and 
precipitate the filtered solution with hydrochloric acid; the 
precipitate assumes, when heated, a beautiful yellow colour. 
The oxides of tungst^i, when perfecliy pure, liquefy with mi« 
<»*ocosmic salt in the oxidating flame ; in the. reducing flame 
they become green, and when cold beautiful hhie. The glass, 
when treated with tin on charcoal in the reducing flame, as-^ 
sumes a darker colour, which on cooling is green, 

77. Oxides of Vanadium. (V ; V 0^ ; V Og.) 

General charaeterg. — -Oxide of vimadium, obtained by re* 
ducing vanadic acid at a red-heat by a current of hydrogen gaa^ 
is a black crystalline powder ; it is remarkable as being an ex-> 
cellent conductor of electricity, and as excelling, as a negative 
electromotive element, copper, and even gold or platinum. It 
has not hitherto been made to combine with either acids oi^ 
bases. It oxidizes gradually in the air, and under water it ac- 
quires a fine green colour. Heated in the air, it takes fire and 
bums, leaving a black mass ; by chlorine it is converted into 
chloride and vanadic add, 

78. BiNoxiDE or Vakadium, oe VANADiors Acid. (VOg.) 

The anhydrous oxide is a black powder which has no action 
on test paper. It is insoluble in water, but when left for some 
time in contact with that fluid it oxidizes, becoming by degrees 
green. The hydrate, which when first formed is greyish-white, 
oxidizes rapi^y in the air, becoming first brown, then green, 
and finally black. The calcined oxide is slowly but completely 
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diMohred in acids ; ihe aoliitioii is blue ; tiioagli acting the 
part of a base, it nevertheless combines with bases, giring rise 
to a class of salts called wmaditet. It is dissolved bj alkaline 
carbonates ; the solution, whidi is of a de^-brown coloar, con- 
tains a tanadite and a biearbonaie. The bicarbonates also dis- 
solve it, forming bine solutions, probably neutral double car* 
bonates of the oxide and alkali. 

79. Yahadic Acid. (VOj.) 

Prepared by decomposing vanadate ofammumia by heat. It 
is a rusty red-brown powder, without taste or smelL It sup- 
ports a high temperature without losing oxvgen ; but at a red* 
heat it enters into fusion. In contact with organic matter at 
a red-heat, it loses oxygen. It strongly reddens litmus-papen 
The fused acid crystallizes, on cooling, in the form of inter* 
laced needles of a yellowish-red colour ; but if a small quantity 
of oxide be present, it has a violet tint. It does not conduct 
electricity. It dissolves sparingly in water, forming a clear- 
yellow solution. It cannot be obtained crystalline in the Ym* 
mid wa^, nor can it be obtained pure out of solution, as it com* 
bines with acids as well as with bases. It is easily reduced to 
the state of oxide under the influence of an acid, such as o^ 
loured nitric add, sulphurous, oxalie, or iartarie adds ; alcohol 
and sugar likewise effect its reduction, blue oxide of yanadium 
being formed. Hydrochloric acid dissolves it, forming an 
orange-coloured solution ; but after a while chlorine is disen* 
gaged, and the liquid acquires the property of dissolving gold 
and platinum. 

Comportment of solutions ofJBinoxide of Vanadium with reagents^ 

Potassa produces a greyish-white hydrate, soluble in excess 
otpotassa, but insoluble in ammonia, 

Mjfdrosulphuric acid occasions no precipitate ; but sulphid0 
of ammonium produces a brovmish -black precipitate^ soluble iH 
excess, the solution having a purple colour. 

Comportment of solution of Vanadic Acid with reagents. 

nitrate of silver produces a yellow precipitate, becoming 
white by exposure to the air, and soluble in nitric acid and in 
ammonia. 

Chloride cf barium produces a bulky orange-yellow preeipi* 
tate, slightly soluble in water. 



MITALLIC OXIDES. 135 

Sutfhuh of ammonivm ffires a brown precipitate (VaS^), so*' 
luble in excess, forming a orown liquid. 

JB^errocjfanide ofpotct$$v»m produces a fine green precipitate. 

Chlonde qf ammonium proauces a white flocculent precipitate 
ot vanadate qf ammonia^ quite insoluble in hydrochloric acid. 

Before the blowpipe^ oxidee of vanadium^ heated in the outer 
flame with borax or microcosmic salt, give a yellow bead ; in 
the inner flame a fine green one, which again becomes yellow 
in the outer flame. Vanadie acidy heated on charcoal, leaves a 
eompact mass, the colour of plumbago (oxide of vanadium) ; 
with borax ao^ microcosmic salt it gives a beautiful green glass, 
which while hot is brown. It is not coloured blue by the ad- 
dition of tin. Chromie aeid gives with borax and microcosmic 
salt a green bead ; but vanadie add is distinguished from chro* 
mie aetd from the circumstance that the green bead in the for- 
mer can be changed in the oxidating flame to yellow, which is 
not the case with the latter. 

80. Oxides of Molybdekitm, (MoO ; MoO^; MoO^) 

General ckwract&n, — When to a solution of a molyhdate in 
water, hydrochloric acid is added, and the mixture digested with 
distilled zine^ the latter becomes oxidized at the expense of the 
molybdic acid; and the liquid becomes fiirst »blue, then red, 
brown, and finally black. J^rom this solution |M7^a««a precipi- 
tates hfdrated ojnde of molybdenum in the form of a black floc- 
culent mass. This hydrate is dissolved with difficulty in acids ; 
the solutions are opaque and almost black, unless greatly di» 
luted ; the taste is astringent, but not metallic. When heated 
to redness in vacuo^ it takes fire, burning with vivid scintilla- 
tions, and a hydrous oxide remains of a pitchy blackness, and 
insoluble in acids. Heated in the air, it burns, and is con- 
verted into molybdie oxide (Mo O^) . Oxide of molybdenum is not 
soluble either in eaustie potagsa or in solutions of thejixed alka- 
Une carbonatee. It diss<^ves, however, in carbonate of ammonia, 

81. MOLTBDIO OxiDB. (MOg.) 

When pure, it is a powder of a deep-brown colour ; by the 
light of the sun it is brilliant purple. It is insoluble in alkalies 
and in acids, but it dissolves in small quantities in a mixture 
of concentrated sulphuric aeid and tartrate ofpotassa. Nitric 
aeid converts it into molybdic acid. Hydrated molybdic oxide 
is similar in appearance to hydrated eeequioaride of iron. It is^ 
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to a certain extent, soluble in water, the solution having a deep- 
red colour, and it appears to form, with some acids, eubsalts; 
which are soluble. If dried bj exposure to the air, it acquires 
a blue colour on the surface from the absorption of oxygen ; 
the solution in water reddens litmus-paper ; it has an astrin- 
gent and somewhat metallic taste. It is completely precipi- 
tated bj sal-ammoniac, and when once dried cannot again be 
dissolved in water. Heated in vacuo, it loses its water, and 
brown anhydrous oxide remains. Though it reddens litmus- 
paper, it has none of the other properties of an acid. Caustic 
alkalies do not dissolve it, though it is soluble in alkaline car^ 
bonates. The solution in carbonate of ammonia is entirely pre- 
cipitated by boiling, and that in carbonate of potasea is by de- 
grees converted into molybdate ofpotassa, 

82. MoLTBDic Acid. (M Og.) 

When pure, it is a light, porous, white mass ; and when dif- 
fused through water it assumes the appearance of extremely 
small, silky, brilliant, crystalline scales. Heated to redness, it 
melts into a deep-yellow liquid, which, on cooling, becomes 
pale straw-yellow and crystalline, and on breaking, divides into 
crystalline spangles. In close vessels it supports a strong red- 
heat without volatilizing; but in open vessels it sublimes at 
its fusing-point, its surface becoming covered with crystalline 
spangles. Water dissolves it in small quantities (about -^^ 
of its weight). The solution has a feeble metallic taste, and 
reddens litmus-paper. 'Before calcination it is soluble in acids, 
forming compounds in which it acts the part of a base. It 
dissolves also in a saturated solution of tartrate ofpoiassaj and 
in solutions of caustic and carbonated alkalies. 

Comportment of solutions of Oxide of Molybdenum with 

reagents, 

. Potassa and ammonia produce a brownish-black precipitate) 
insoluble in excess of the precipitants. 

Carbonate of potassa and carbonate of ammonia produce a 
similar precipitate, slightly soluble in carbonate of potassa^ more 
soluble in carbonate of ammonia, 

. Sulphide of ammonium gives a yellowish-brown precipitate^ 
soluble in excess of the precipitant. 

Molt/bdic oxide is distinguished from oxide of molybdenum by 
its greater solubility in carbonate ofpeiasea. 
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Behaviour ofMolyhdie Acid with reagents. 

Nitrate of silver produces a white precipitate, soluble in 
much water and in nitric acid and in ammonia. 

Chloride of barium produces a similar precipitate, soluble in 
nitric add. 

Hydrosulphuric cusid, added in excess to an acid solution, 
produces, after a time, a brown precipitate, subsiding slowly ; 
the supernatant fluid being blue or green. 

Metallic zinc or tin produces, in solutions containing free 
hydrochloric acid, a blue colour, which becomes green and 
dually black. 

Before the blowpipe, the oxides of molybdenum give to mi- 
crocosmic salt in the inner flame a fine green colour, becoming 
more perceptible on cooling ; with borax they produce in the 
inner flame a brownish-red bead. 

General Bemarks on the Oxides of the Fifth Chvup, Section B. 

Of the metallic oxides comprehended in this section, it will 
only be necessary to make a few remarks on the method of 
detecting tin, antimontfy and arsenic when these metals exist 
together in a compound. The three metals are obtained in 
the form of sulphides (SnSg; SbSg; AsSg) by precipitating their 
solution in sulphide of ammonium by an acid. Having washed 
the precipitate, it may be agitated for some time with a slightly 
warmed solution of sesquicarbonate of ammonia : thrown on a 
filter, and washed with sesquicarbonate of ammonia as long, as 
the washings give a distinct yellow precipitate on the addition 
of hydrochloric acid, the whole of the arsenic will be found in 
the alkaline solution ; but as some bisulphide of tin may likewise 
have been dissolved, it is necessarv to reprecipitate by the 
addition of hydrochloric acid, and {laving washed the precipi- 
tate, to redissolve it in warm ammonia ; the ammoniacal solution 
should be evaporated to dryness, and the residue tested specially 
for arsenic. The greater part of the bisulphide of tin, and the 
whole of the pentasulphide qf antimony will have remained un- 
dissolved by the sesquicarbonate of ammonia: it should be 
boiled with aqua-regia, and then mixed with excess of sesqui- 
carbonate of ammonia ; this precipitates binoxide of tin (which 
must be specially tested), the antimony remaining in the alka- 
line solution, from which it is precipitated of its characteristic 
orange-colour, by mixing with slight excess of hydrochloric 
acid, and then saturating with sulphuretted hydrogen. 
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CHAPTEE IV, 

ON THE COMPOBTMENT OF THE PEINCIPAL INORGANIC 
AND OBGANIG ACIDS WITH BEAOENTS. 

83. Although the acids cannot be classified with the same 
degree of perspicuity with which we are enabled to arrange the 
bases, there are certain reagents by which we may, for analy- 
tical purposes, divide thomlonyeniently into groups, the sui 
division of which may afterwards be effected by other reagents, 
which are called fecial. 

The reagents for grouping the inorganic acids are chloride of 
harium and nitrate of silver ; those for grouping the organic 
adds are chloride of calcium and sesquichloride of iron, 

A. — Inorganio Aoids. 

I. — Adds precipitated hy chloride of harium. 

Carbonic, sulphurous, hyposulphurous, hyposulphuric, 
sulphuric, selenic, phosphoric, phosphorous, hypophos- 
phorous, boracic, sdicic, hydrofluoric, chromic, arsenic; 
arsenious, and other metallic acids. 

H. — Acids precipitated hy nitrate of silver. 

Hydrochloric, hydrobromic, bromic, hydriodic, iodic, 
periodic, hydrocyanic, hydrosulphocyanic, hydroferro- 
cyanic, hydroferridcyanic, hydrosulphunc acids. 

III. — Acids precipitated hy neither chloride of harium nor 
nitrate of silver, 

Nitric, nitrous, perchloric, chloric, and chlorous acids* 

B. — Organio Aoids. 

l.-^Acids precipitated hy chloride of calcium* 

Oxalic, tartaric, pyrotartaric, citric, and malic adds. 
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II. — Aeidg preetpHated hy sesquichloride of iron. 
Succinic, oenzoic, tannic, and gallic acids, 

III. — Acids precipitated by neither chloride of calcium nor 
seeouichloride of iron. 

Acetic, formic, uric, and meconic acids. 



A.— INOBGANIC ACIDS. 
I. — Aoids precipitated by Chloride of Barium. 

84. Cabbonic Acid. (GOj|.) 

General characters, — At common temperatures and pres- 
sures, this acid is a colourless, transparent, irrespirable, and in^ 
combustible gas. It is heavier than atmospheric air in the 
proportion of 1*5 to 1, and totally unfit for supporting com*^ 
Dustion. It has a faintly sour and somewhat astringent taste. 
It reddens litmus-paper, but as the gas volatilizes the blue 
colour returns. It may be poured from one vessel to another, 
and a small animal exposea to its influence instantly dies in 
sferong convulsions. It is decomposed at a red-heat in contact 
with carbon and other combustiblefii, carbonic oxide, an inflam^- 
mable gas, being produced. A succession of electric sparks 
likewise decomposes it into carbonic oxide and oxygen, water 
at ordinary temperatures and pressures absorbs rather more 
than its own volume of carbonic acid gas, and considerably 
more at a low temperature and under pressure. The solution 
has an agreeable, piquant, and feebly acid taste. At a tempera- 
ture of 0^, and under a pressure of 36 atmospheres, it is con* 
densed into a colourless liquid, and by peculiar management it 
may even be obtained in the solid state, having the appearance"^ 
of a mass of snow. All the neutral carbonates, with the ex- 
ception of those of the alkalies, are insoluble or very sparingly 
soluble in water ; they are, however, decomposed by nearly all 
acids that are soluble in water, the carbonic acid gas escaping 
with effervescence ; but, to expel the whole, excess of acid must 
be added, in consequence of the formation of bicarbonates, v 
Most of the carbonates lose their acid by ignition. 

Comportment of the soluble Carbonates with reagents, 
(Solution of Carbonate of Soda may be used.) 
lame water and baryta w<^er produce white precipitates, in- 
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soluble in water, but iBoluble with effbrreacenee in bydroeUdric 
acid. 

(1.) NaO,C03 + BaO,HO = BaO,COo + JSTaO + HO. 
(2.)BaO,C03 + HCl = BaCl-hHO + C02. 

Chloride of bariitm and chloride of calcittm produce white 
precipitates in solutions of neutral alkaline carbonates ; but in 
solutions of hicarhonates no precipitate is formed until the 
second atom of carbonic acid is expelled by boiling, because 
both bicarbonate -of baryta and bicarbonate of lime are soluble 
in water. 

Nitrate of silver produces a white precipitate of carbonate 
of silver soluble with effervescence innitric acid. 

Characteristic, — The Solid carbonates (also their solationd, if 
not too dilute) are all decomposed hj hydrochloric taiAnitric acid; 
and by most other acids, with effervescence. The gas evolved 
is recognized as carbonic acid by producing a white turbidity 
when passed into baryta water, lime water, or solution of bas$e 
acetate of lead, 

85. SuLPHUEOUs Acid. (SOg.) 

General characters,-— At common temperatures and pressures 
it is a permanent gas, of a suffocating odour and a very dis- 
agreeable taste, not inflammable nor possessing the power of 
supportiug combustion. It is very fatal to animal life. It is 
absorbed in large quantities by water, and still more copiously 
by alcohol. It destroys the colour of vegetable substances; 
Its acid properties are very weak. All acids but carhonie and 
hydrocyanic acids displace it from its combinations. The class 
of salts which it forms are called sulphites ; they are aU inso? 
luble, or very sparingly soluble, in water, but those of the alka* 
lies. All the acid salts of sulphurous acid are soluble. At a 
low temperature and under pressure, it is reduced to a liquid. . 

Comportment of solutions of Sulphites tmth reagents, 
(Solution of Sulphite of Ammonia may be used.) 

Chloride of barium and chloride of calcium produce a white 
precipitate, soluble in hydrochloric acid ; if, however, the solution 
of the sulphite has been for some time exposed to the air, this 
precipitate is no longer completely soluble in hydrochloric acid. 

Ptotonitrate of lead produces a white precipitate, soluble in 
cold nitric acid, but decomposed when boiled, sulphate of lead 
being precipitated, and nitrouf fames evolved* 
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Nitrate of silver produees a white precipitate (AgO,SOg>, 
becoming blaek by the application of heat, the metal being re^ 
duced, and sulphuric acid formed. Thus : — 

AgO,SOa=Ag4-S03. 

Frotochhrideoftin, acidified with hydrochloric acid, produced 
a yellowish -brown precipitate. 

2(NaO,S02^+6SnCl + 2HCl = 
SnSg + 2NaCl + 2Sn02 + SSnClg + 2H0. 

Chhride of barium, when boiled with a solution of a sul^ 
phite, tc^ether with nitric acid, produces a white precipitate 
(BaO,SOs). 

Chlorine, nitric acid, and fused nitre ' convert sulphites- into 
sulphates. 

Solid sulphites, when moistened with an acid, evolve sul- 
phurous acid, which may be recognized by its odour ; when 
Ignited in a glass tube, they are decomposed into sulphides and 
sulphates, and on treating the fused mass with a diluted acid, 
hydrosulphwrie acid gas is disengaged, provided the metallic 
sulphide belongs to that class which decomposes water with 
the assistance of an acid. ^ 

SuVphuretted-hyd/rogen water produces in solutions containing 
sulphurous acid a white precipitate of sulphur. 

Zinc in the presence of free hydrochloric acid evolves from 
solutions of sulphites, sulphuretted hydrogen. 

Characteristic, — Its odour, and the formation of blue iodide 
of starch when a glass rod, moistened with starch paste, i« in* 
troduced into the gas. Sulphurous acid is completely absorbed 
by peroxide of lead, 

Pb02+S02 = PbO,S03. 

86. Hyposulphuhous Acid (Dithionous Acid). (S2O3.) 

The aqueous solution of this acid decomposes spontaneously 
into sulphurous acid and sulphur; the compounds which it 
forms with alkalies and alkaline earths are, with the exception 
of hyposulphite of baryta, soluble in water. 

Comportment of solutions of Hyposulphites with reagents. 

(Hyposulphite of Soda may be used.) 

Chloride of boHwm in concentrated solutions occasions a 
white precipitate. 
. Nitrate of silver produces a precipitate whiph at first is 
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white, but it rapidlj becomes yellow, and finallj black ; %vlpk%de 
of silver being formed and nitric acid set free. Thus : — 
AgCNOg + NaCSjjOgss AgS + NaO,S03 + NOg. 

Svdrochloric acid produces a jellow precipitate of sulphur, 
sulpnurous acid being set free. Thus : — 

NaaSgOg + HCl = NaCl 4-803 + HO + S. 

CharaeterisHc, — Solutions of soluble hypostdphites possess 
the property of dissolving recently precipitated chlcride of 
Hher; the solution has an intensely sweet taste, leaving one of 
that nauseous bitterness peculiar to salts of silver. With iodine^ 
solutions of hyposulphites produce an iodide and a tetrathio^ 
note. Thus : — 

2(Ba 0,8302) + 1= Bal + 880,8405. 
This reaction serves to distinguish between sulphurous and hypo^ 
sulphurous adds. 

87. HyposuLPHUEic Acid (Dithionic Acid). (SgO^) 

The aqueous solution of this acid, when heated, is resolved 
into sulphuric and sulphurous adds ; its salts undergo the same 
decomposition by hydrochloric acid, aided by heat. Thus : — 

NaOjSgOg = Na 0,80s + SO2. 
The hyposulphates are generally soluble in water. 

88. Sulphuric Acid. (SO3.) 

General characters, — ^In its pure anhydrous state it forms a 
tenacious crystalline mass resembling asbestos ; exposed to the 
air, it gives off thick opaque fumes ; its affinity for water is so 
powerful, that it hisses like a red-hot iron when brought into 
contact with it. By distilling crystallized protosulphate of 
iron, a hydrated acid is obtained which fumes when exposed to 
the air {Nordhausen add, 2 8 O3, H O) . Monohydrate of sulphuric 
acid (110,803) does not fume, but has an oily consistence ; 
hence its commercial name, oil of vitriol. When pure it is 
colourless, the dark tinge that the acid sometimes has, arising 
&om the separation of carbon from organic substances, which 
it rapidly decomposes. It has a powerful affinity for water, 
abstracting it from the atmosphere with great rapidity ; during 
its combination with water great heat is evolved ; the mono- 
hydrated acid freezes at 31°, and boils at 617° ; it distils with- 
out alteration ; its acid properties are exceedingly powerful ; it 
displaces all other acids from bases at temperatures below its 
boiling-point ; but at a higher temperature it is itself displaced 
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hj certain weaker acids which are not volatile ; the greater 
number of its compounds with bases are soluble in water ; the 
sulphates of harytay strontia, and lead are, however, nearly in- 
soluble, the first entirely so. 

Comportment of solutions of Sulphates with reagents. 
(Solution of Sulphate of Soda may be used.) 

Chloride of barium produces an immediate white precipitate 
(BaOySOg), even in highly dilute solutions, insoluble in water, 
but not altogether insoluble in dilute hydrochloric and nitric 
acids. The solution to be precipitated should not contain too 
much nitric or hydrochloric acid, as baryta salts which are very 
soluble in water are very sparingly so in acids ; and a white pre- 
cipitate might be formed which could be mistaken for suU 
phate of baryta. Such a precipitate would, however, be readily 
soluble in water. 

Acetate of lead produces a white precipitate, soluble to a 
slight extent in dilute nitric acid, but completely insoluble in 
boiling andconcentrated\\YAvoch\Qj\Q acid. 

The sulphates of the alkaline earths and alkalies are not de- 
composed oy heat alone ; when heated in contact with charcoal, 
they are reduced to sulphides : the reduction is facilitated by 
mixture with carbonate of soda. On treating the reduced mass 
with an acid, sulphuretted hydrogen is evolved, which may be 
detected by the odour, by lead paper, or by making the experi- 
ment on a bright silver surface. All the other sulphates, with 
the exception of that of oxide of lead, are decomposed at a 
high temperature, sulphuHc acid, or a mixture of sulphurous 
acid and oxygen, being set free, and pure oxides, or the metals 
themselves left. Insoluble sulphates are converted into car- 
bonates by fusion with carbonate of soda, alkaline sulphates 
being formed. 

Before the blowpipe, colourless sulphates may be detected 
by fusing them with silicate of soda in the reducing fiame ; a 
sulphide is thereby formed, and the glass assumes a red or 
dark-yellow colour, according to the quantity of acid present. 
Coloured sulphates are detected by fusing them with two parts 
of soda and one of borax, in the reducing flame, on charcoal, 
and placing the fused mass on a plate of silver, and mois- 
tening it with water. A tarnishing of the metal indicates 
sulphur. 

Characteristic reaetion.'^Tihht with chloride of barium. 
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89. Salbhic Acid. (HOjSeOjO 

This acid produces a precipitate with chloride of haritim, 
trhich is insoluble in nitric acid. Seleniate of baryta is, how- 
ever, decomposed by boiling hydrochloric acid, chlorine being 
evolved. This is not the case with sulphate of baryta, 

90. Phobphoeic Acid. (POg.) 

General characters, — When anhydrous, it has the form of 
white flakes, which rapidly absorb moisture from the atmo<; 
sphere, becoming a syrupy liquid which has a free acid, but not 
caustic taste; if pure, it volatilizes without residue when 
strongly heated in an open platinum vessel ; it attacks vessels 
of glass or porcelain when fused therein. The alkaline phos- 
phates are soluble in water, but the neutral compounds of 
phosphoric acid with the earths and metallic oxides are insolu* 
ble in water, though they dissolve in excess of phosphoric acid 
and in nitric acid. 

- Phosphoric acid forms with water three distinct hydrates : 
H O, P Og, metaphosphoric acid ; 2 H O, P Og, pyrophosphoric acid} 
8 HO, POg, ordincMry phosphoric acid, besides modifications. 

Comportment of solutions of Metaphosphaies with reagents. 

Nitrate of silver produces a white gelatinous precipitate 
(AgOjPOg), soluble in excess of roetaphosphate of soda. 

- Chloride of barium gives a voluminous white precipitate 
(BaO,P05). 

Acetate of lead occasions a white precipitate (Pb O, POg). 

Metaphosphoric acid strongly coagulates the albumen of 
white of e^g, by which character it is most distinctly recog- 
nized ; a solution of an alkaline metaphosphate does not co<' 
agulate albumen, neither does itcetie acid; but if the two be 
mixed, the albumen becomes coagulated in consequence of the 
liberation of metaphosphoric acid by the acetic acid. Meta- 
phosphoric acid passes by boiling into ordinary phosphoric acid 
(3 HO, POg) : the conversion is accelerated by the addition of 
sulphuric acid. 

Comportment of solutions of ^Pyrophosphates with reagents, . 

. Neither chloride of barium nor chloride of calciutn precipi- 
tate this acid in the free state*. 

Nitrate of silver produces in solutions of alkaline pyropboa* 
phatea a white flaky precipitate (2AgO,P05). 

Acetate of lead gives a white precipitate (2PO,P05). Neither 
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pyrophosphoric acid nor anj of its soluble salts haTe the property 
of precipitating albumen. 

rjrophosphoric acid and solutions of pyrophosphates are 
converted into ordinary phosphoric acid and phosphates, by 
boiling with the mineral acids. 

Comportment qf solutions of Tribtmc or ordinary Phosphates, 

with reagents. 

(Solution of Bhombic or common Phosphate of Soda ma j be nsed.) 

Chloride of barium produces a white precipitate, soluble in 
hydrochloric acid. 

Chloride of calcium occasions a white precipitate, soluble in 
hydrochloric and acetic acids, and re-precipitated by ammonia. 

Nitrate of silver produces a Zemim-y^ZZotf; precipitate (3AgO, 
PO^ soluble in nitric acid and in ammonia. 

Acetate of lead gives a white precipitate (3 PbOjPOg), solu- 
ble in nitric acid, but insoluble in ammonia, and in acetic acid. 
This precipitate, when fused on charcoal in the outer blowpipe 
flame, forms a bead which crystallizes on cooling. 

Sesquichloride of iron produces in neutral, or slightly alkaline 
solutions, a yellowish'White precipitate (FcgJOgPOg), which is 
soluble in hydrochloric acid, but quite insoluble in acetic acid. If 
the hydrochloric solution of any mineral containing phosphoric 
acid be nearly neutralized by ammonia or carbonate of soda, 
excess of acetate of soda or acetate of potash added, and then 
sesquichloride of iron in small excess, a reddish-brown precipi- 
tate will be obtained on boiling the mixture, which will contain 
the whole of the phosphoric acid. This precipitate should be 
thrown on a filter and well washed with boiling water, after 
which it is to be dissolved in dilute hydrochloric acid, avoiding 
great excess, and digested with ammonia and sulphide ofammo' 
nium$ it is hereby decomposed into sulphide of iron (insoluble) 
Kxidi phosphate of ammonia (soluble), the olack mass is thrown on 
a filter, the filtrate concentrated by evaporation, Altered again 
(if necessary), and the filtrate treated in accordance with the 
following. 

Sulphate of magnesia and other soluble magnesian salts pro- 
duce in solutions of phosphates of the alkalies a crystalline 
precipitate, which makes its appearance only gradually ; but if 
ammonia be added, a crystalline precipitate of phosphate of 
magnesia and ammonia (2 MgO, N H^ 0, P O5) immediately sub- 
sides, and is favoured by agitation. This precipitate is insoluble 
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in ammonia and in ammoniacal salts, but is soluble in free 
acids. Previous to the application of this test, ehlaride of am^ 
monium should be added to the solution in considerable quan« 
tity in order to prevent the precipitation of hydrate of mag- 
nesia. 

Acetate of sesquioxide of uranium precipitates phosphoric acid 
as yellow double phosphate of sesquioxide of uranium and cm^ 
monia. If the compound to be tested be an earthy phosphate, 
it should be dissolved in hydrochloric acid, concentrated by eva- 
poration, ammonia added in very slight excess, then acetic acid 
and acetate of ammonia, and finally heated to boiling with 
acetate of sesquioxide of uranium, upon which the yellow pre- 
cipitate makes its appearance. 

Molyhdate of ammonia produces in solutions containing pbos«- 

Shoric acid a yellow precipitate. To the solution, after the ad- 
ition of the molybdate, nitric acid should be added, it should 
then be warmed, it will speedily assume a yellow colour, and a 
yellow precipitate will gradually subside. This test is espe- 
cially useful, as it enables the operator to detect the presence 
of phosphoric acid in minute quantities, in acid solutions of soils, 
fossils, etc. 

Characters of the different forms of the Tribasie Alkaline 

Phosphates. 

When a salt of tribasie phosphoric acid, with three atoms of 
a fixed base which is strongly alkaline, is mixed with neutral 
nitrate of silver, a yellow precipitate is formed, and the solution 
is perfectly neutral to test-paper. 

3NaO,P06 + 3(AgO,N06) = 3AgO,P06 + 3(NaO,N05). 
Salts of tribasie phosphoric acid with two atoms of fixed base 
have also an alkaline reaction. They give with neutral nitrate 
of silver the same yellow precipitate, and the mixture is (icid 
to test-paper. 

2NaO,HO,P06-f 3(AgO,N05) = 
3 AgCPOg + 2(NaO,N06) + H0,N06. 
When these latter salts are ignited, they are converted into 
pyrophosphates (bibasic), which when dissolved in water exhibit- 
an alkaline reaction, and give with neutral nitrate of silver a 
white precipitate; after the precipitation, the solution is n«t»^raZ» 

2NaO,P05-h2(AgO,N06)=2AgO,P06-h2(NaO,N05). 

Salts of tribasie phosphoric acid with one atom of fixed 
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bttse hare a strong acid reaction; they give with neutral ni* 
trate of silver a yellow precipitate, the solution being acid to. 
test-paper. 

NaO,2HO,P05 + 3 (AgO,]Sr06) = 
3AgO,P06 + NaO,N05-|-2(HO,N06). 
When ignited, these latter salts pass into m^aphosphates (mo- 
nobasic). The metaphosphate of potash is very sparingly soluble 
in water, but the metapnosphate of soda dissolves readily, and^ 
the solution gives with nitrate of silver a white precipitate 
soluble in excess of the precipitant. 

Before the hloivpipe, phosphoric acid is detected by the follow- 
ing method of Berzelius : — ^Dissolve the subject of examination 
in boracic acid, upon charcoal, in the oxidating flame ; intro*» 
duce into the melted bead a piece of fine iron-wire, and expose 
the whole to a strong reducing-flame. The iron oxidizes at the 
expense of the phosphorie acid, and borate said phosphate of 
iron are produced. The latter fuses in a strong red heat. 
When cold, the glass is removed from the charcoal, ^nd bjrokei^ 
into pieces on an anvil, between folds of paper. A globular 
metallic button of maanetic phosphide of iron is thus produced. 
This operation requires skill on the part of the operator. 
To detect phosphoric acid in an alumiaous compound, Berzeliuf 
gives the foUowing method : — The substance, pulverized in an 
agate mortar, is rubbed with a mixture of six parts of soda, and 
one and a half of silica, and the mass fused on charcoal in the 
oxidating flame. The fused residuum is boiled with water, in 
which phosphate and the excess of carbonate of soda dissolve, 
leaving the alumina in combination with silicic acid. The 
phosphoric acid is detected in aqueous solution as above di- 
rected. 

Characteristic reactions, — ^Those with nitrate of silver ; with 
sulphate of magnesia in the presence of ammonia ; and with 
molyhdate of ammonia, 

91. Phosphoeotts Acid. (PO3.) 

« 

General characters, — In its anhydrous state, it is a white, 
but not a crystalline powder. Its hydrate may be obtained in 
the form of deliquescent crystals, by evaporating the aqueous 
solution obtained by acting on sesquichloride of phosphorus 
by water. It slowly absorbs oxygen from the air, becoming: 
converted into phosphoric acid. By boiling and fusion it ia* 
decomposed, phospburetted hydrogen being formed, which in- 
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flames on the approach of a bttmiog body, fumes of phosphoric 
acid making their appearance. 

4P03 + 3HO = PH3 + 3P06. 
The alkaline phosphites are soluble in. water, and are powerful 
deoxidizing agents. They reduce solutions of ffold and silver^ 
and salts of copper and merctMry ; passing mto phosphates, Sul- 
phv/rotis acid when warmed with phosphorous acid yields a pre* 
cipitate of sulphur, and when an excess of the latter is used, 
hydrosulphuric add, 

3P08-h2S02 + 2HO = 3POB-f-2HS;and 
SO2 + 2HS = 2H0h-S3. 
Heat also converts them into phosphates^^^ irogen gas being 
evolved, which burns with a blue flame without producing any 
fumes of phosphoric acid. Hypophosphites are distinguished 
from phosphites from their giving rise to a spontaneously in- 
flammable phosphuretted hydrogen when strongly heated, fumes 
of phosphoric acid being formed. All the hypophosphites are 
soluble in water. 

92. BoBAOic Acid. (BO3.) 

€hneral eha/mcters.^-^Thi^ Acid crystallizes, out of its aqueous 
solution, in brilliant scales, which are greasy to the touch. It 
has no smell, and a very faint acid taste. It is sparingly soluble 
in water. In the presence of aqueous vapours it sublimes 
easily, but alone it is perfectly fixed at a red-heat, at which^ 
however, it fuses into a colourless, transparent, brittle glass. 
It dissolves in alcohol, to the flame of which it communicates 
a green tinge, a property which is characteristic of this acid. 
It volatilizes with the vapour of alcohol, as with that of water. 
The alkaline borates are soluble in water, but the borates of 
the earths and metallic oxides are almost insoluble, though 
they dissolve readily in acids and ammoniacal salts. They are 
all very fusible, and promote the fusion of other bodies when 
mixed with them; hence their uses as fluxes. Pree boracic 
acid reddens turmeric-paper like an alkali. 

Comportment of solutions of Borates with reagents, 
(Solution of Biborate of Soda (Borax) (Na 0, 2B O3) maj be used.) 
Chloride ofharivm produces a white precipitate (BaO^BO^), 
soluble in acids and in ammoniacal salts, and in a large quantity 
of water. 

Nitrate of silver, in concentrated solutions, produces a white 
precipitate, soluble in ammonia and in dilute nitric acid. 
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Chloride of calcium produces a white precipitate, soluble in 
acids and in ammonia, and in a large quantity of water. 

Acetate of lead produces a white precipitate, soluble in acids. 

Nitrate of stibocnde of mercury produces an olive-brown pre- 
cipitate, soluble in nitric acid and in ammonia. 

Hydrochloric apd sulphuric adds separate horacic acid from 
solutions of borates, at a bcHling temperature, in the form of 
crystalline scales. 

JBiborate of soda (Na0y2B0g) precipitates solution of ses- 
quichloride of iron. The precipitate dissolves on heating to a 
dark-red liquid, which might be mistaken for the reaction 
produced between acetic acid and the same reagent; if the 
solutions are not very concentrated, only a darker colour is ob- 
servable, and no precipitate. 

Before the blotopipe, the following method of detecting hora- 
cic acid in salts and minerals has been recommended by 
Turner :— • Knead into a paste, with a few drops of water, a 
mixture of the finely divided substance, with 4? parts of hisul- 
phate of potassa, and 1 of powdered jHuor-spar^ and fuse the 
mass on the ring of the platinum w^ire. At the apex of the 
blue fiame fluohoric acid gas is liberated, which communicates 
to the outer flame a pure-green colour. 

Characteristic. — If a pulverized borate be moistened in a 
porcelain capsule with a few drops of sulphuric acid, and 
covered with alcohol, warmed and. inflamed, the fl'ame will have 
a green tinge, most perceptible at its borders. The presence 
of chlorides interferes* with this test, in some measure, in con- 
sequence of the formation of hydrochloric ether; the flame, 
however, in this case, has a decided blue tinge. 

93. Silicic Acid. (SiOj^) 

General characters, — Of this acid there are two isomeric 
modifications ; one is insoluble in water, and resists the action 
of all acids but hydrofluoric. It is a white, tasteless powder, 
gritty between the teeth, and infusible at the strongest heat 
of a furnace, but fusing before a blowpipe flame urged with 
oxygen, into a limpid, colourless liquid. This form of silicic 
acid exists nearly in a state of purity in rock crystal and in 
fohite quartz. By fusion with carbonate of potassa, or with 
a mixture of carbonate of potassa and carbonate of soda, all 
siliceous minerals are decomposed, basic alkaline silicates 
being formed, which are soluble in water, and from which 
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Hcids separate silicic acid in its soluble modification ; but, by 
drying, it again returns to the insoluble state. The solubie 
variety of silicic acid is obtained in the form of a gelatinous 
mass, by passing the gas obtained by heating together a mix- 
ture of powdered fluor-spar and quartz, with sulphuric acid, 
into water. In this state water dissolves a small quantity, 
without, however, acquiring any taste, or the property of red- 
dening litmus-paper. By evaporation, the acid is obtained as 
a white, earthy, but not crystalline mass, which may again be 
dissolved in water ; but, if a strong mineral acid be added to 
the water during its evaporation, the dry silicic acid is no 
longer soluble in water. G-elatinous silicic acid is soluble, to a 
tsonsiderable extent, in acids. No precipitation is, therefore, 
observed on adding hydrochloric acid to a dilute solution of an 
-alkaline silicate, until the liquid has been concentrated by 
evaporation. In most siliceous minerals, silicic acid exists in 
its insoluble form. There are, however, a number of native 
hydrated silicates, denominated zeolites, which contain silicic 
acid in its soluble form, and which are, therefore, decomposed 
by concentrated hydrochloric acid even in the cold, forming a 
gelatinous mass soluble in water. There are other minerals 
which are only dissolved in hydrochloric acid by prolonged 
digestion, the silicic acid separating as a flaky powder, and not 
as a jelly. At ordinary temperatures, silicic acid is one of the 
weakest of the acids, dissolving in a boiling solution of the 
fixed alkaline carbonates, without expelling their carbonic acid, 
but at high temperatures it is capable of expelling all the vola- 
'tile acids, not even excepting the sulphuric acid, from their 
combinations. 

Diluted solutions of alkaline silicates, when nearly neutra- 
lized by nitric acid, are precipitated by most heavy oxides, and 
by the salts of the alkaline earths and by ammonia. The first 
step, therefore, in analysing a mineral containing silicic acid, 
is to convert the silicic acid from its soluble to its insoluble 
condition, which is done by evaporating the hydrochloric solu- 
tion to perfect dryness, and then dissolving out with acid the 
basic metallic oxides. 

Before the blowpipe, silicic acid is recognized by means of 
microcosm ic salt and soda ; the examination is generally per* 
formed on a platinum wire. The microoosmic salt is first fused 
into a bead, the silicate added, and the whole heated in the 
oxidizing flame; the glass bead, while hot, is clear, and the 
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separated silicic acid floats through it in a collected statie ; the 
bases combine with the free acid in the flux. Silicic acid witb 
soda, on charcoal, gives a clear bead, carbonic acid escaping 
with efferTCscence ; eyen when a small quantity of an earth is 
present, it still fuses to a clear glass. This is the case with 
felspar; but, if the silicate contain a large proportion of a non« 
alkaline base, the compound becomes infusible. 

Silicic acid is separated from titanic acid by fusion with 
bisulphate of potassa in a platinum crucible ; from the fused 
mass the titanic acid may be extracted by water. 

94 HyjDEoriirosiLicic Acid. (HF.) 

General characters. — This acid is very volatile and corrosive^ 
giving ofl dense fumes in the air ; it is distinguished from all 
other acids by its property of dissolving the insoluble fwm of 
silicic acid ; it cannot therefore be preserved in glass vessels. 
It combines with water with the same energy as sulphuric acid. 
It decomposes metallic oxides, giving rise to water B,nd metallic 
fluorides.. Towards metals it behaves in general in the same 
manner as the oxyacids, and it dissolves copper and silver gra- 
dually with the disengagement of hydrogen ; in its cotic^ntra- 
ted state it acts on many substances with great energy, dis- 
solving some bodies which are not acted on even by boiling 
aqua-regia, sucb as silicic, titanic, molybdic, and tungsUc acids. 
The concentrated acid acts with extreme violence on the skin, 
causing painful ulcers very difficult to heal. The alkaline 
fluorides are soluble in water, as are also the fluorides of alu^ 
minum, tin, iron, and mercwry. The fluorides of the metals of 
the alkaline earths are almost insoluble, as are also the fluorides 
•of copper, lead, and zvnc, though they dissolve more or less 
readily in hydrofluoric acid. The greater number (rf the fluor- 
ides bear ignition without being decomposed; the insoluble 
fluorides are decomposed by fusion with alkaline carbonates. 

Comportment of solutions of Fluorides with reagents, 

(Solution of Fluoride of Potassium (KF) may be used.) 

Chloride of barium produces a white precipitate soluble in 
hydrochloric acid. 

. Chloride of calcium produces a gelatinous and very trans- 
parent precipitate, almost insoluble in free acids, even in hydror 
fluoric acid, and in alkalies in the cold ; the addition of ammonia 
causes the complete subsidence of the precipitate (CaF). 



11^2 QUALITATIVE ANALYSIS. 

Acetate of lead occafiions a white precipitate soluble in hydro- 
chloric acid. 

Sulphuric acid at the boiling temperature decomposes all 
fluorides with the disengagement of hydrofluoric acid. The 
experiment is made by tracing lines on a plate of glass, covered 
with beeswax, with a wooden point, so as to expose the glass ; 
and laying the plate on a platinum crucible containing the pul- 
verized fluoride and concentrated sulphuric acid. A moderate 
heat insufficient to melt the wax, is applied to the crucible for 
a few minutes. The exposed lines are found etched, on the 
removal of the wax, which is effected by spirits of turpentine. 

When a fluoride is mixed with a substance containing silicic 
acid, such as pounded glass, and heated together with concen- 
trated sulphuric acid, fluosilicic acid is formed. Thus : — 
Si02-|-2CaF + 2(HO,S03) = Sir2 + 2(CaO,S03)-|-2HO. 

This acid is disengaged as a gas which fumes strongly in a 
moist atmosphere, and when brought into contact with water is 
decomposed, with the separation of silicic acid in its gelatinous 
form, and the formation of hydrojluosilicic acid. Thus : — 
3SiF2 + 2H0 = 2(HF,SiF3>+SiO2. 

This interesting reaction is observed by heating the materials 
in a test-tube, and conveying the gaB, by a bent tube, into an- 
other test-tube containing water. 

By cautiously fusing in a test-tube equal parts of a finely 
pulverized fluoride, and bisulphate of potassa, hydiiofluoric acid 
IS rendered evident by the roughening and loss of transparency 
of the upper pa^t o^ the tube. 

95. Chromic Acid. (CrO|*), 

General characters. — This acid is obtained by the decompo- 
sition of bichromate of potassa by sulphuric acid, in the form 
of brilliant crimson needles, which absorb moisture from the 
air and pass into a deep-brown viscous fluid ; evaporated to 
dryness it is, while hot, black, but on cooling it becomes deep- 
red ; it has no smell \ its taste is strongly acid, but not metallic ; 
it tinges the skin yellow. Jt is soluble in alcohol; but the so- 
lution decomposes by the action of heat and light, an ether 
being fonned, and hydrated oxide of chromium precipitated. 
When alcohol is dropped on the concentrated acid, it takes fire, 
and the acid becomes incandescent; an aqueous solution of 
chromic acid is gradually decomposed by the light of the sun, 
oxygen gas being liberated. All its salts are coloured yellow 
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or red ; tbe alkaline chromates and bichromates are soluble in 
water ; most of the other salts of chromic acid are insoluble in 
water, though they are all soluble in nitric acid. 

Comportment of solutions of Chrom^ates with reagents. 
(Solution of Chromateof Potassa (KOyCrOs) maybe used.) 

Chloride of barium produces a pale-yellow precipitate, solu- 
ble in nitric and hydrochloric acids. 

Acetate of lead produces a yellow precipitate, soluble in po- 
tafisa, and sparingly soluble in nitric acid. 

Nitrate of silver produces a dark-purple precipitate soluble 
in nitric acid, and in ammonia. 

Subnitrate of mercury produces a brick-red precipitate. 

JSydrosulphtirie acid in neutral solutions reduces tbe chromic 
acid with the precipitation of sulphur, and oxide of chromium. 
Thus :— 

2(KO,Cr08)-f-5HS = 2KS + 5HO + Cr303-fS3 
In the presence of a free acid the oxide of chromium is dis- 
solved, at least in part, and sulphur precipitated. 

Sulphurotcs acid likewise reduces chromic acid, sulphuric and 
hyposulphuric acids being formed. . 

Owalic, tartaric, and citric adds, reduce the acid to sesqui- 
oxide of chromium, carbonic acid being evolved. 

Hydrochhrie acid, and alcohol, or zinc, on being boiled with 
solution of a chromate, reduce the acid, the fluid becoming 
green. 

Insoluble chromates are decomposed by fusion with alkaline 
carbonates, alkaline chromates being formed. 

Solid chromates when heated with concentrated sulphuric 
acid evolve oxygen gas. Thus •.. — 

(KO,2Cr03) -f 4S03=KO,S08 H- (CryO^,3S03) + O3. 

Solid chromates when heated with concentrated sulphuric acid 
aad chloride of sodium disengage chloroehromic acid(CrOaCl). 

]SraCH-KO,Cr03+4(HO,S03)= • 
NaO,S08,HO,S03-hKO,S03,KO,S08.f j5r02Cl4-2HO. 
Chlorochroniic acid is decomposed' by water into chromic and 
hydrochloric acids. Thus : — 

Cr03Cl + HO = Cr08 + HCl 

Characteristic reactions, — Those with nitrate of siher and 
acetate of lead ; and with hydrochloric acid and alcohol. 
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II.— Acids precipitated by Nitrate of Silver. 

96. HxpROCHiiOKio Acid. (HCl.) 

This acid is a transparent colourless gas, fuming strongly in 
a moist atmosphere ; it has a pungent suffocating smell, and a 
strongly acid taste. At a low temperature, and under a pres- 
^Bure of about eighteen atmospheres, it becomes liquid : it is 
decomposed by those metals which decompose water, and by 
substances which combine with chlorine ; it is also decomposed 
by metallic oxides. It is absorbed with the greatest avidity by 
water, the saturated solution forming what is called concen- 
trated hydrochloric acid. This solution is colourless and 
strongly acid ; the yellow tinge which the acid frequently has, 
arises from impurities. The greater number of the chlorides 
are soluble in water ; the principal exceptions are those* of lead 
and silver^ and svhchloride of mercury : some chlorides volati- 
lize without decomposition, as the chlorides of tin, antimony ^ 
and anenic ; some are fixed, and others undergo decomposition 
by heat. 

Comportment of solutions of Chlorides with reagents, 
(Solution of Chloride of Sodium (NaCl) may be used.) 

Nitrate of silver produces a white curdy precipitate even in 
highly dilute solutions (AgOl), becoming violet-coloured, and 
finally black, when exposed to the light : it is quite insoluble 
in nitric acid, but readily soluble in ammonia ; it fuses without 
^decomposition, forming, when cold, a tough homy mass, and is 
reduced by hydrogen, and by fusion with carbonate of soda, or 
with resin. 

Nitrate of suboxide of mercury produces a white precipitate 
(calomel, Hgg CI), becoming black when brought into contact 
with caustic alkalies. 

Acetate of lead produces a white precipitate soluble in boil* 
ing wateit*, less so in nitric and hydrochloric acids, and not 
altered by ammonia 

By heating a soluble chloride with peroxide of manganese 
and sulphuric acid, chlorine yas is evolved. Thus : — 
NaOl + MnOg + 2( H0,S03) = NaOjSSOg + MnO,S03 + CI + HO. 

By heating a chloride with sulphuric acid alone, hydrochloric 
acid yas is evolved. Thus : — 

NaCl4-HO,S03 = NaO,S08 + HCl. 

On heating a chloride with chromate ofpotassa and sulphuric 
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4icid, a browtiish-red gas is disengaged, vhicli condenses into a 
blood-red liquid. 

On the addition of ammonia a yellow liquid (ehromate of 
funmonia) is formed, which becomes red on the addition of an 
acid, bichromate of ammonia being formed. 

Before the blowpipe chlorides are thus detected : — Dissolve 
•oxide of copper in microcosmic salt on platinum wire, until a 
diaphanous bead is obtained in the oxidizing flame ; .the sub« 
stance under examination is 'now added and heated : if chlorine 
be present, the assay will be surrounded by a beautiful blue- 
coloured flame inclining to purple, which after some time dis- 
appears, but can be reproduced by adding a fresh supply of the 
sample. 

Characteristic reaction,^— Th&t with nitrate of silver. 

97. Htdeobromio Acid. (HBr.) 

General characters. — It very much resembles hydrochloric 
acid gas ; like it, it fumes strongly when allowed to escape into 
a moist atmosphere, and it acts in a similar manner with metak 
and metallic oxides : it dissolves freely in water, and the con* 
centrated solution, which is denser than that of hydrochloric 
acid gas, is fuming; chlorine expels from it bromine, hydro- 
chloric acid being formed. The aqueous solution dissolves a 
large quantity of bromine, and acquires a deep-red colour. 
There is also a strong analogy between the bromides and chlo- 
rides. 

Comportment of solutions of Bromides with reagents. 
(Solution of Bromide of Fota«9ium (KBr) may be used.) > 

Nitrate of silver produces a yellowish-white precipitate 
(AgBr), insoluble in nitric acid and soluble with difficulty in 
ammonia. 

Nitrate of suboxide of mercwry produces a yellowish-white 
precipitate. 

Acetate of lead produces a white precipitate insoluble in 
water, by which it is distinguished from chloride of lead. 

Citric acid, when heated with solution of a bromide, decom- 
poses it, evolving bromine, which colours the solution yel- 
lowish-red ; when heated with a solid bromide, yellowish-red 
vapours are produced, having an odour resembling that of chlo- 
rif^e ; these vapours condense into red drops in the upper part 
«f the test-tube. - i 
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Concentrated sulphuric acid also decomposes bromides, witk 
the separation of bromine and sulphurous acid. Thus : — 
KBr + 2(H0,S0o)=K0, SO3 + SO3 + Br + HO. 

Dilute sulphuric acid decomposes bromides with the disen- 
gagement 01 hydrobromic acid. Thus : — 

KBr + H O, SO3 = KO, SO3 + HBr. 

K a stream of chlorine be passed through a solution of a 
bromide, and the solution agitated with ether, the latter will 
dissolve all the evolved bromine, and assume a yellow colour : 
if the ethereal solution be removed with a pipette, and agitated 
with solution of potassa, the yellow tint will vanish, the bro- 
mine having passed into bromide of potassium and bronuUeqf 
potassa. Thus: — 

6Br + 6K0 = 6KBr -h KCBrOg. 

If this solution be evaporated to dryness, and ignited, the 
bromate is decomposed with evolution of oxygen, and bromide 
of potassium remains ; in order to detect bromine in this resi- 
due, it is heated in a small retort, with peroxide of manganeae 
and sulphuric acid, and the vapours received in a small receiver 
containing starch paste, which becomes tinged orange-yellow, 
the colour vanishing by expouure to the air. 

On heating a bromide with chromate of potassa and sulphuric 
acid, a brownish-red gas is produced, as in the case of a chlo- 
ride : this gas, however, is bromine, and the colour vanishes on 
the addition of ammonia; this reaction serves, therefore, to 
distinguish between bromides and chlorides, and for detecting 
the presence of the latter in the former. 

Characteristic reaction. — Those with nitrate of silver, with 
chlorine, and with nitric acid. 

98. Beomic Acid. (H0,Br05.) 

General characters. — When concentrated, it is very sour, but 
not caustic ; it has very little odour : it first reddens, and then 
discolours blue litmus-paper; sulphu/rous, phosphorous acids, 
and all the hydracids decompose it, liberating bromine: most 
of the bromates are soluble in water, and are converted by 
ignition into bromides, with evolution of oxygen ; they are 
decomposed with violent deflagration when heated with com- 
bustible substances, such as carbon, sulphur, and phosphorus. 
These mixtures likewise detonate violently when moistened 
with a drop of concentrated sulphuric acid. Bromates, when 
treated with concentrated sulphuric and other oxygen acids 
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in the cold, evolve oxjgen and red vapours of bromine ; they 
are likewise reduced by sulphuretted hydrogen with separation 
of sulphur. 

Comportment of solutions of Bromates with reagents, 
(Solution of Bronutte of Fotassa (KOjBrOg) may be used.) 

Nitrate of suhoaide of mercury produces a light-yellow pre- 
cipitate, soluble in nitric acid. 

Acetate of lead produces a white precipitate, soluble in much 
water. 

Nitrate of silver produces a white precipitate, soluble in am- 
monia, but soluble with difficulty in dilute nitric acid. 

Hydrosulphuric acid reduces bromates to bromides ; sulphu» 
ric acid being formed and sulphur separated. 

Sulphurous acid reduces bromates to bromides, sulphuric 
acid being formed. 

99. HTDBionio Acid. (HI.) 

General characters, — This acid gas likewise resembles in its 
properties hydrochloric acid ; it is absorbed rapidly, and in 
large quantities, by water, the solution being colourless and 
fuming ; there is also a strong analogy between the compounds 
of iodine and those of bromine and chlorine. 

Comportment of solution of Iodides unth reagents, 
(Solution of Iodide of Potassium (Kl) may be used.) 

Nitrate of silver produces a yellowish-white precipitate (Agl) 
which blackens by exposure to the light, is insoluble in dilute 
nitric acid, and very sparingly soluble in ammonia. 

Nitrate of suboxide of mercury produces a yellowish-green 
precipitate. 

Chloride of mercury produces a beautiful scarlet precipitate. 

Acetate of lead produces an orange-yellow precipitate, solu- 
ble in hot water, and in nitric acid, and crystallizing out of its 
solution in brilliant golden-coloured scales. (Pbl.) 

JProtochloride of palladium produces a black precipitate in 
solutions of alkaline iodides ; no precipitate is afforded by this 
reagent ih solutions of bromides. 

An aqueous solution of one part of crystallized sulphate of 
copper, and two and a half of protosulphate of iron, produce a 
dingy-white precipitate (Cu^I) ; this mixture has no effect in 
solutions of chlorides and bromides. 
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Chlorine^ nitric acid^ eaneentraied iul^wrie add, and peroxide 
efmangcmete eliminate iodine from solutions of iodides, the so- 
lutions becoming colovired ; and, if the solution be concentrated, 
iodine separates as a black precipitate : on applying heat, the 
charactenstic violet vapours of iodine make their appearance \ 
with excess of chlorine, a colourless chloride of iodine is formed. 

With starch paste free iodine forms a blue compound, and 
this reagent serves to detect minute traces of iodine in inso-« 
luble as well as in soluble compounds of that element. The 
substance under examination is mixed in a retort with concen- 
trated nitric acid, and a strip of whdte cotton cloth, moistened 
with solution of starch, suspended from the stopper ; ia a few 
hx)urs th0 cloth will become coloured blue if the most minute 
trace of iodine be present. Nitric acid is better as an oxidizing 
agent than chlorine, because of the formation of the colourless 
chloride of iodine above referred to. The blue colour of the 
iodide of starch disappears by heat, and by the action of certain 
deoxidizing agents. 

If a solid iodide be heated with concentrated sulphuric acid 
and peroxide of manganese, violet vapours of iodine will make 
their appearance. 

Before the blowpipe, metallic iodides, when treated with cu- 
priferous microcosmic salt, impart a beautiful and deep-green 
colour to the flame. Iodine is soluble in chloroform, to which 
it communicates a beautiful violet tint. Accor£ng to Eabour- 
din, the presence of iodine may be shown by this test in a 
liquid in a quantity so small as ^ q^^^ part of its weight. 

Characteristic reactions — Those with protochhride of pallet 
dvum ; and with starch, and nitric add. 

100. Iodic Acid. (H 0,105.) 

« General characters. — The aqueous solution of this acid is, 
when concentrated, very sour : it first reddens, and then de- 
stroys the colour of litmus-paper ; it oxidizes all metals but 
gold and platinum, and detonates violently when heated with 
combustible substances ; with sulphuric, nitric, and phosphorio 
aeid, it forms crystalline compounds, and when mixed with 
Tegetable acids a decomposition of both takes place ; carhonie 
actd being liberated, and iodine precipitated. The io*dates are 
mostly insoluble in water ; the neutral alkaline iodates are so- 
luble. 
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Oomportmeni of solutions oflodatea with reag^entsJ 

(Solution of lodate of Potash (KO,IOs) op lodateof Soda (NaOjIO,) may 

be used.) 

Nitrate of silver produces a white precipitate, soluble iu 
nitric acid and in ammonia. 

Chloride of hanum^ chloride of calcium^ and acetate of lead 
give white precipitates, soluble in nitric acid. lodates, when 
heated alone, are decomposed into iodides and oxygen ; they 
deflagrate when heated with combustibles : they are decom- 
posed by ^ro/ocA2oW</tf of tin, iodine being separated; the latter 
may be made evident by adding starch paste. 

Hydrosulphtiric acid reduces iodates to iodides, sulphuric 
acid and water being formed, and iodine separated. 

101. HTDBOcTAiric Acid. (HCy.) 

General characters, — In its pure, anhydrous state, this acid 
possesses the following properties. It is colourless, inflam- 
mable, very volatile, and possessing a strong odour analogous 
to that of bitter almonds ; its taste is at first crool, then burn- 
ing ai^d disagreeable. Its specific gravity is 0*6957 at 66^ ; it 
boils at 80^; it volatilizes rapidly in the air, producing a degree 
of cold sufficient (if it be not perfectly anhydrous) to cause it 
to assume a solid form ; it is feebly acid to test-paper ; it is 
one of the most energetic poisons known, one drop being suf- 
ficient to destroy an animal of considerable size. It is rapidly 
decomposed, even in close vessels, becoming darker and darker 
in colour, and eventually quite black ; a trace of sulphuric acid 
prevents this decomposition from taking place : strong acids 
cause its elements so to arrange themselves with the elements 
of water as to produce ybrwic acid and ammonia. Thus : — 

H CgN + 4H0 = NH^O, CaHOy 

Hydroqyonic acid. Fonniate of ammonia. 

By distillation the formic acid may be separated, the ammonia 
remaining in combination with the acid which occasioned the 
decomposition. 

The alkalies are reduced by hydrocyanic acid, their metallic 
radicals combining with cyanogen, and water being formed. 
Thus :— 

KO + HCy = KCv + HO. 
The metallic cyanides thus formed nave an alkaline reaction ; 
they are decomposed gradually when dissolved in water, rapidly 
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when boiled. Oyamde of potassium and cyamde of sodium maj, 
however, be heated to redness out of contact of air, without 
suffering decomposition ; but in contact with oxides of tiny 
lead, copper, and many other metals, they are converted into 
cjanates, the metals being reduced. Thus : — 

KCy + 2PbO = KO, CyO -f 2Pb. 
The greater number of the metallic cyanides are insoluble in 
water ; they comport themselves differently under the influence 
of heat, some being resolved into the metal and cyanogen, as 
is the case with cyanide of mercury , and others into carbides 
and nitrogen. The compounds of cyanogen with gold, silver, 
and other heavy metals, are not decomposed by dilute, and 
with difficulty oy concentrated nitric acid ; hydrochloric acid 
and sulphuretted hydrogen, however, decompose them easily 
and completely. The cyanides of iron, cobalt, manyanese, and 
chromitmi, when brought into contact with alkaline cyanides, 
unite with tbeir cyanogen, forming peculiar salt-radicals, in 
which the presence of the beavy metal cannot be detected by 
the usual tests. 

Comportment of solutions of Cyanides with reagents, 
(Solution of Cyanide of Potassium (K Cy) may be used.) 

Nitrate of silver produces a white curdy precipitate (AgCy) 
insoluble in dilute nitric acid, and sparingly soluble in am- 
monia, easily soluble in cyanide of potassium ; leaving pure 
silver when ignited, and evolving cyanogen, which burns with a 
peach-coloured flame. "When moistened with hydrochloric 
acid, hydrocyanic acid is disengaged. 

Acetate of lead produces a white precipitate (PbCy). 

Subnitrate of mercury produces, in hydrocyanic acid, a grey 
precipitate of metallic mercury, cyanide of mercury remaining 
m somtion. Thus : — 

HggO + HCy^HgCy-f Hg+HO. 

Oadde of mercury dissolves freely in hydrocyanic acid, and 
alkalies occasion no precipitate in the solution. In no other 
alkaline fluid can oxide of mercury be held in. solution; this 
reaction serves therefore as a test oi the presence of hydrocy- 
anic acid. In the presence of hydrochloric acid, ammonia pro- 
duces a precipitate. 

A solution of protosulphate of iron, which has been partially 
oxidized by exposure to the air.(magnetic oxide of iron), occa" 
aion^ the ibrmation of Prussian blue in solution of an alkalioa 
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Ik^drbcyanate containing free hydrochloric acid ; this reaction 
constitutes an excellent test for hydrocyanic acid, but it is 
essential that an alkali should be present, as also hydrochloric 
acid, to dissolve any oxide of iron that may have been precipi- 
tated by the alkali together with the blue compound. 

A most delicate test of the presence of hydrocyanic acid 
Is that proposed by Liebig, and is dependent on the fact that 
the higher sulphides of ammonium are instantly deprived, by 
-cyanide of ammonium, of the excess of sulphur they contain 
above the manosulphide ; tulpliocyanide of ammonium (NH^, 
Cy S«) being f jrmed, 

HCy + NH^S -f 83= (NH^Csy)^ HS, 
which produces, with persalts of iron, a very deep blood-red 
colour. Taylor recommends the following method of applving 
this test : — !J?Jace the diluted hydrocyanic acid in a watch-glass, 
and invert over it another watch-glass, holding in its centre one 
drop of sulphide of ammonium containing sulphur in excess ; 
there is no apparent change in the sulphide, but if the watch- 
glass be removed after the lapse of from half a minute to ten 
minutes, according to the quantity of hydrocyanic acid nresent, 
sulphocyanide of ammonium will bo obtained. On gently heat- 
ing the drop of sulphide, and evaporating it to dryness, the ad- 
dition of a drop of solution of a pers^t of iron to the dried 
residue, brings out the blood-red colour instantly, which is in- 
tense in proportion to the quantity of sulphocyanide present ; 
the warmth of the hand may be employed to expedite the 
evolution of the vapour. This test is even more delicate and 
expeditious than the nitrate of silver test, in which the vapours 
are received in a solution of that salt, and will, according to 
I'aylor, detect in five minutes, hydrocyanic acid not exceeding 
•^f^ of a grain, in ten drops of a liquid. 

8olid cyanides when heated with concentrated sulphuric acid 
evolve carbonic oxide, sulphate of the metallic base and sulphate 
of ammonia being formed. Thus: — 
KCaN + 2HO + 2H0,S03 = NH4O,S0s4-K0,SO3 + 2C0. 

102. Detection of Hydrocyanic Acid in Organic Mixtures, 

When hydrocyanic acid is to be sought for in organic mix- 
tures, Taylor urges the importance of obtaining evidence of its 
presence before resorting to the process of distillation, in order 
to avoid an objection which may be raised, to the effect that 
the acid might have been a product of distillation. He gives 

PART I. If 
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the following method, which he finds to succeed with the blood, 
muscles, and viscera, as well as with the liquid contents and 
solid substance of the stomach. The liquid is acidulated with 
J9ulphuric acid and placed in a wide-mouthed bottle, the aper- 
ture of which is capable of being covered with a watch-^ass 
or a saucer of white porcelain. The inside of the glass or 
saucer is moistened with nitrate of silver and placed over the 
mouth of the bottle : if hydrocyanic acid be present, the spots 
of nitrate will become white in the course of a few seconds, or 
in from ten minutes to a quarter of an hour, according to the 
quantity of poison present, and the closeness of the test to the 
liquid. No heat need be applied to the liquid ; a temperature 
of 64^ suffices for the result, but the warmth of the hand ac* 
celerates the action. Taylor mixed twchthirds of a grain of 
anhydrous hydrocyanic acid with eight mmces of porter, and 
obtained a well-defined deposit of cyanide of silver in the 
wat<;h-glass in a quarter of an hour ; and by substituting in the 
watch-glass weak caustic potassa for nitrate of silver, and after 
a few minutes adding sulphate of iron and hydrochloric acid, 
he obtained Prussian blue from two^tkirds of a grain of anhy- 
drous hydrocyanic acid mixed with eight ounces of porter ; the 
prpcess was equally successful with the stomach of a dog, after 
lb had been thoroughly washed with water, and had been re^ 
moved from the body twenty-four hours. These experiments 
prove the great volatility of the poison, and the diffusibility of 
its vapour. The silver test serves the analyst as a guide^ for 
Taylor finds, that unless the white film is formed on the nitrate 
of silver, the application of the Prussian blue test will also 
fail. Prussian blue may even be procured from the cyanide of 
silver : for this purpose, caustic potassa is added to tne film of 
cyanide in the watch-glass, and heat applied ; the cyanide is 
dissolved, and brown oxide of silver precipitated ; to the fil- 
tered liquid sulphate of iron is added, ana after a time dilute 
sulphuric acid, Prussian blue is immediately produced. When 
it is found necessary to distil the fiuid, Lassaigne and Chris- 
tison acidulate with sulphuric acid, and distil from a vapour 
bath till one-eighth part of the fluid has passed into the re- 
ceiver. The tests are then applied to tne distillate ; if the 
qmantity of poison be small, nitrate of silver, or potassa^ may be 
placed in the receiver to fix the acid as it passes over. 

^Poisoning hy Sydrocycmic Acid, — Liebig makes the following 
remarks on this fearful poison : — ^ Its rapid action on the blood 
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is T«7 remarkable. ComparatiTely large quantities of the 
acid in aqueous solution maj be taken into the digestiye ap- 
paratus without producing any yery perceptible noxious effects; 
while the same quantity inhaled as yapour causes immediate 
death. Thus, a cat can bear the administration of from two 
to three drops of anhydrous hydrocyanic acid diluted with from 
ibur to six ounces of water, without being in the least affiscted 
by it. If two drops of the anhydrous acid be inserted into the 
mouth of the same animal, taking care at the same time to 
preyent it from breathing by stoppmg its mouth and nostrils, 
no perceptible effect is proauced ; but the cat dies the yery in- 
stant it is permitted to breathe, and consequently as soon as 
the yapour of the acid gets into the lungs." 

"With respect to the quantity of hydrocyanic acid requisite- 
to destroy life^ the matured opinion of Taylor is, that a quan- 
tity of Scheele's acid (at fiye per cent.), above twenty drops 
(i. e. one grain of anhydrous actd), or an equiyalent portion of 
any other acid, would commonly proye fatal. Eyen less than 
this-seven-tenths of a grain— might under fayourable circum- 
stances, destroy life. The largest dose from which an adidt 
has been known to recover is forty minims at 8^^ per cent., 
which is equiyalent to about a grain and a third of anhy- 
drous acid. It may be well to obserye that the acid of 
commerce differs much in strength, according to the process- 
by which it has been prepared, and independently of decom- 
position by keeping. The medicinal acid long used in this 
country was intended to be an imitation of that of Yauquelin, 
which contains 3*3 per cent.; but the London College ot Phy- 
sicians have improperly (as Dr. Christison observes) altered 
the strength to 2 per cent. ; that of Giese, which keeps well, 
is of the same strength as the first ; that of Schrader contains 
only 1 per cent ; that of GKibel, 2*5 per cent. ; that of Ittner, 
10 per cent. Of the alcoholic solutions the best known are 
that of Schrader, which contains about 1*5 per cent, of pure 
acid ; that of the Bavarian Pharmacopceia, which contains 4 
per cent. ; that of Duflos, 9 per cent. ; that of Pfaff, 10 per 
cent. ; and that of Keller, 25 per cent. The medicinal dose 
is from a minim to two minims of Scheele^s acid, and from three 
to five minims of the London PharmacopoBial acid gradually 
increased. 

Every grain of anhydrous acid yields 5 grains of cyanide of 
silver. Suppose 100 grains of a sample to have yielded 45 
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grains of cyanide, it follows that tbe acid contains 9 grains of 
anhydrous acid to 91 grains of water. To procure an acid con- 
taining 2 per cent, of anhydrous acid, would require the addi- 
tion of 9 grains of anhydrous acid to 441 grains of water ; 
now, as the acid in question contains already 91 grains of water 
in every 100 grains, it is evident that we need only add 350 
grains of water to every 100 grains of the acid, in order to 
prepare an acid of 2 per cent, strength (441—91=350). 

103. Htdbositlphoctanio Acid. (HCySg.) 

The sulphocyanides, most of which are soluble both in water 
and in alcohol, are recognized by the following reactions : — 

Nitrate of silver produces a white precipitate (AgCySg), in- 
soluble in dilute nitric acid, and in ammonia, and furnishing 
metallic silver when ignited. 

Sesquichloride of iron gives an intense blood-red colour; if 
the red liquor be acidulated with hydrochloric acid, and frag- 
ments of zmc added, sulphuretted hydrogen is evolved and the 
colour disappears. 

A mixture of protosulphate of iron with a salt of copper^ oc- 
casions a white precipitate. 

Suhnitrate of mercury gives a white precipitate. 

Sulphoci/anide of soditun (or of ammonium) exists in the 
saliva, and may be detected by allowing a little dilute solution 
of perchloride of iron to remain for a few seconds in the 
mouth : on expelling it, it will be found to have acquired a dis* 
tinct red tinge. 

104. Hydeopeekoctanic Acid. (HgCygFe; orHgCfy.) 

This acid, when exposed to the air, absorbs oxygen and be* 
comes blue ; its solution when boiled is decomposed into hy- 
drocyanic acid and a white compound, which becomes blue by 
exposure to the air. With alkalies it forms salts which are 
soluble in water; most of the other ferrocyanides are in* 
soluble. 

Chmportment of soluble Ferrocyanides with reagents. 
(Solution of Ferrocyanide of Potassium (KOfy) may be used.) 

Trotosulphate of iron produces a pale-blue precipitate. (See 
Protoxide of Iron.) 

Sesquichloride of iron, a deep-blue precipitate (Prussiim 
blue. (See Sesquioxide of Iron.) 
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^ Sulphate of capper a reddish -brown precipitate (CugCfj). 

Protonitrate of cobalt a yellowish-green precipitate. 

With salts of zinc, lead, silver, and mercury, white precipi- 
tates. 

Insoluble ferrocyanides are decomposed by fusion with alka* 
line carbonates, soluble alkaline ferrocyanides being formed. 
"Wlien an alkaline ferrocyanide is distilled with dilute sulphuric 
acid, hydrocyanic acid is formed ; but if it be heated with ex- 
cess of concentrated sulphuric acid carbonic acid is formed by 
the following reaction : — 

KgFeCgNg, + 9H0 = 6C0 -f 2K0 + PeO+SNHj. 
One equivalent of ferrocyanide of potassium and nine equiva- 
lents of water from the oil of vitriol and the water of crystalli- 
zation of the ferrocyanide, give rise to six equivalents of car- 
bonic oxide, two equivalents of potassa, one of protoxide of 
iron, and three of ammonia ; the sulphuric acid, oxidie of iron, 
potassa, and ammonia arrange themselves into a crystalline anhy- 
drous iron alum, having the following composition (Fownes) :— 

106. HyDKOFERKiDCYANic Aciix (HgCygFeg ; Or H^jCfdy.) 

The potassium compound of this acid is obtained by passing 
a current of chlorine through a solution of ferrocyanide of 
potassium, until the liquid ceases to give a precipitate with ses- 
quichloride of iron. Ferridcyanide of potassium is formed by 
trie following reactions : — 

2(K2CyjFe) -f Cl = (KgGygFeg) + K€l. 

The alkaline ferndcyanides have a red colour; that of potas- 
sium crystallizes in fine right-rhombic prisms. 

Frotosulphate of iron produces with ferridcyanide of potas- 
sium a fine blue colour (Tumbuir& blue). 

K3(CyeFe2) -f (3FeO,S03)=Fes(CyeFe^) +3(EO,S03). 

Segquichloride of iron occasions no precipitate but only gives 
a darker colour to the solution. 

Sulphate of copper produces a yellowish-green precipitate. 

Protonitrate of cobalt a dark reddish- brown precipitate. 

Nitrate of silver produces a dark orange-coloured precipitate 
soluble in ammonia. 

Subnitrate of mercwry a brownish-red precipitate. The in- 
soluble ferridcyaiiides are decomposed by fusion with alkaline 
carbonates, soluble ferridcyanides being formed. 
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106. Hydeosulphukic Acid (Sulphuretted Hydeogen). (HS.) 

This acid is a colourless gas, which under strong pressaie 
becomes liquid; it has a highly offensive odour, resembhng that 
of putrid eggs ; its taste is acid, astringent, and bitter ; it is in-> 
flammable, burning with a blue flame, aud disengaging sul- 
phurous acid; it explodes violently when mixed with oxygen or 
atmospheric air and ignited ; when mixed with chlorine, sulphur 
is deposited and hydrochloric acid formed ; it is highly deleter 
rious when inspired, even when mixed with a large quantity of 
air ; it is absorbed by water, which acquires its peculiar smell 
and a nauseous sweet taste ; the solution reddens litmus-paper, 
and decomposes by exposure to the air, sulphur being depo- 
sited ; most metallic oxides are decomposed by h^drosulphuric 
acid^ sulphides of the metals, and water, being formed. The 
alkalies and alkaline earths, and the oxides of chromium, tan- 
talum, and tita/nium, do not exchange their oxygen for sulphur 
in the moist way. The sulphides of the metals of the alkalies, 
and the alkaline earths, are soluble in water ; they are decora- 
posed by dilute mineral acids with the evolution of sulphuretted 
nydrogen, which is readily recognized by its odour and by its 
action on paper moistened with solution of lead. 

KS + H0,S05=K0,S0^+HS, 
The sulphides of the metals of the fourth group are insoluble 
in water, but are likewise decomposed by dilute mineral acids. 

FeS + HO,SOo = FeO,.S03 -hHS. 
All the other metallic sulphides but sulpMde of mercurtf are de- 
composed by strong nitric acid, sulphuric acid being form^^d, 
and sulphur generally separated ; aqua-regia effects their de- 
composition more easily, it also dissolves si^phide of mercury. 
Jls some metallic oxide?, when dissolved in acids, are precipi- 
tated by sulphuretted hydrogen, while others are not, and as 
the precipitated sulphides differ in colour, and in other proper- 
ties, sulphuretted hydrogen becomes a valuable reagent for de- 
tecting and separating metallic compounds. Most metallic 
sulphides are decomposed by heat with access of air, evolving 
sulphurous acid ; the alkaline sulphides thus treated are con- 
verted into sulphates. 

When hydrosulphuric acid, or a solution of an alkaline or 
earthy sulphide, is brought into contact with nitrate ^ silver 
or acetate of lead, black precipitates are formed. 

AgO,Nq5 + HS = Ag8-|-HO,N05. 

PbO,A + HS = Pb8+HO,A. 
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JEHtber of these salts are therefore certain tests of the presence 
pf this acid in the gaseous state ; a strip of paper moistened 
with solution of subacetate of lead is generally employed. 

Chlorine^ bromine^ sulpkurowf add, nitrous acidy iodic add, 
ehromie add, and the sesquisalts qf iron all decompose hydro* 
mlphwrio add with the separation of sulphur. 
. An alcoholic solution of iodvne (or an aqueous solution of 
iodine in iodide of potassium) is converted by hydrosulphuric 
acid into hydriodic acid with the separation of sulphur. 

I + HS = HH-S. 
All the compounds of sulphur when mixed with soda and 
ignited on charcoal before the blowpipe in the reduction flame, 
yield liver of sulphur, which evolves sulphuretted hydrogen when 
treated with a mineral acid, and produces a brownish-black 
spot,' when moistened and placed on a piece of polished silver. 



IXI. — ^Aoida not precipitated by either Chloride of 
Barium cyr If itrste of Silver. 

107. KiTEic AciB. (JSrOg.) 

General characters, — This acid has been obtained in an an- 
hydrous state by passing perfectly dry chlorine gas over 
crystals of well-dried nitrate of silver at a temperature not ex- 
ceeding 200° Fahr. The hydrated acid, in its most concentrated 
form, is a colourless, fuming liquid, very easily decomposed, 
mere exposure to the light causing it to become yellow, and to 
disengage oxygen gas. It is one of the strongest of the acids, 
and constitutes a reagent of the greatest value, from the facility 
with which it parts with a portion of its oxygen.- The yellow 
fuming acid, containing nitrous acid, possesses generally the 
greatest oxidizing power. The most highly concentrated acid 
is, in many cases, without action on bodies on which a diluted 
acid acts with energy; thus the concentrated acid does not 
attack lead or tin, while the addition of a small quantity of 
water causes an energetic action to take place. Organic sub- 
stances are for the most part resolved by the concentrated acid 
* into carbonic acid and water, the action in many cases bein^ 
sufficiently energetic to cause them to take 6re ; the diluted 
acid generally converts them into oxalic, malic, and carbonic 
acids. Nearly all metallic oxides are dissolved by nitric acid, 
the exceptions are oxides of tin and antifnonyf tellurous and 
tungstie adds. All the neutral salts of nitric acid are soluble 
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in water, and all are decomposed at a strong red-heat, tba 
nature of the products depending on the nature of the hase $ 
thus the alkaline nitrates yield oxjgen and nitrogen, whii« 
other metallic nitrates give oxygen and an inferior oxide of 
nitrogen. When nitrates are ignited in the presence of other 
substances susceptible of oxidation, they tiike the liberated 
oxygen, and in some cases the combination is attended by de» 
flagration ; thus a nitrate thrown on red-hot charcoal causes 
the^attpr to throw off brilliant scintillations ; a mixture of a 
nitrate with cyanide of potassium deflagrates vividly when 
heated on a platinum plate ; and phosphorus and sulphur 
brought into contact with a heated nitrate, occasion a violent 
detonation. 

108. Defection of Nitric Acid in solutions of Nitrates, 
(Solution of Nitrate of Potash (KOjNOg) may be iised.) 

Hydroehhrie add added in excess to nitric acid or to a sola* 
tion. of a nitrate,, gives it the property of dissolving gold leaf^ 
in consequence of the liberation of cblortne. 

When a solution containing a nitrate is mixed with half its 
volume of concentrated sulphuric acid, allowed to cool, and a 
crystal of protosulphate of iron added, the liquid round the 
crystal assumes a reddish-brown colour, in consequence of the 
followiug reaction. 

10(FeO,SOy)-fKO,NO5 + 4(HO,SO,) = 

4(FeO,S03>,NO^-f SCFe^Og^aSOg) + KO,S03 + 4HO. 
Or, the solution to be tested having been mixed with a larger 
volume of concentrated sulphuric acid and allowed to cool, a 
strong solution of protosulphate of iron is carefully poured 
upon it, when a vibht amethystine-red or blackish-broum colour, 
according to the quantity of nitric acid present, will be seen 
at the place of contact, which increases on careful agitation, 
but disappears on beating. By this mode of operating, and in 
the absence of chlorine, the smallest traces of nitric acid may 
be detected. 

When a solution of a nitrate is concentrated, and heated in 
a test-tube with copper filings or turnings, and concentrated 
sulphuric acid, nitric oxide gas is set free, which, combining^ 
with the oxygen of the air in the tube, forms ruddy fumes of 
hyponitric acid. 

(i.)KO,NOB + HO,S;08 = KO,S03 4-HO,NOK. 

(2.)4(HO,N06) +30u=8(0uO,NO6) +4H0-f NOg. 

When a solution of a nitrate is mixed with sulphuric acid, 
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•ad a Bufficient quantity of a solution of iodigo in sulphurie 
acid added to give it a distinct blue colour, and the mixtu-re 
heated, the colour is either discharged, or turned yellow, in con- 
sequence of the oxidation of the indigo at the expenae of the 
ni^c acid. 

If a small crystal of tu^haie of manffonese be placed in a 
porcelain capsule, covered with phosphonc acid, and heated to 
dryness, a colourless residue is obtained ; but if the smallest 
quantity of nitric acid, or a nitrate be present, it has a violet, crint" 
Bon, or dark-red colour, according to the quantity of nitric acid. 
This is probably the most delicate test of this acid at present 
known. 

If a solid nitrate be heated with concentrated sulphuric acid, 
nitric acid distils over, which produces a white cloud with 
ammonia, and does not occasion any turbidity when passed into 
solution of nitrate of silver; sometimes the brownish-red 
fumes of hyponitric acid are perceptible, in consequence of the 
decomposition of nitric acid by the heat. 

All nitrates when heated on charcoal deflagrate ; tnoJetUlff 
with cyanide ofpotawinm, in consequence of the decomposition 
of the cyanogen, carbonic acid and nitrogen being evolved. 

109. Nitrous Acid. (NOj.) 

At ordinary temperatures this acid is a gas of a dark yel- 
lowish-red colour ; at O^Pabr. it condenses into a blue and very 
volatile liquid, which is decomposed when brouglit into contact 
with water. Thus : — 

8NOjy-fHO=:HO,N.OB + 2N03. 
Nitrous acid forms a class of salts callea nitrites. The alkaline 
nitritee are soluble in alcohol ; the corresponding nitrates are 
insoluble. 

When submitted to gentle distillation, the nitrites expel ni- 
tric oxide gas, wiirates being formed. 

The neutral nitrites colour the protosalta of iron a blackish^ 
brown. 

They reduce terehloride of gold and eubsaUs of mercury to the 
metallic state. 

With nitrate of silver alkaline nitrites produce a sparingly 
soluble crystalline nitrite of silver. 

When a fragment of nitrite of potash is moistened with a so* 
lution of sulphate of copper, a hrilliant-green colour is produced. 

Acetic acid decomposes solutions of nitrites, the hquid then 
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BtrikiDg an oli^e^greMi oolout with solution of protoiulfluiie of 
iron. 

110. Chloeic Acid. (HOjClOg.) 

When concentrated, it is a yellowish oily-looking liquid^yeiy 
sour, reddening, and finally bleaching, litmus-paper; it is very 
unstable, being resolved by heat into perchloric €tcid^ oxygen^ 
and chlorine .* it converts sulphurous into sulphurio acid, and 
is at the same time itself reduced to chlorine ; it also converts 
sulphuretted hydrogen into sulphuric acid, sulphur, and water ; 
all its compounds with bases, are soluble in water ; they do 
not possess bleaching properties, but when mixed with aul. 
phunc acid they are decomposed, perchloric acid, chlorine, hypo- 
chloric acid, and oxygen being formed ; the solution becomes 
yellow, and it then possesses the power of destroying the co* 
lour of blue vegetable infusions, and by the application of heat 
decolorizes solution of indigo. The alkaline chloratee, when 
ignited, disengage oxygen, and become converted into ohhrideg ; 
most other chlorates are resolved by heat into metallic oxides, 
and a mixture of oxygen and chlorine* Concentrated sulphuric 
acid in contact with the chlorates, is coloured, first brown and 
then yellow, whilst a very explosive greenish-yellow gas (ClO^} 
escapes. 

3(KO,C1bO) -♦-4(HO,S03)=t 
2(KO,HO,2S08) + KO,G10y-f 2C104-f2HO. 
.'When triturated with sulphur or pnosphorus, chlorates deto- 
nate with dangerous violence ; a mixture of a chlorate with 
sugar bursts into a flame on being touched with a drop of con- 
'Centrated sulphuric acid. 

The compounds- of perchloric acid (H0,C107) with bases, 
are distinguished from chlorates by their greater stability, not 
being decomposed by acids or reducing agents ; their solutions 
do not therefore become yellow on being mixed with sulphuric 
iu;id. The perchlorate ofpotasea is remarkable for its difficult 
solubility in water. 

The compounds of hypochloric acid (CIO) with bases have 
bleaching properties. Bleaching salts {hypochlorite of lime and 
hypochlorite ^ $oda) are always mixed with chlorides. Ohio- 
ride of lime contains also some hydrate of lime. They are de- 
composed on the addition of an acid, with the evolution of chlo- 
rine only. 
.CaO,C10 + CaCl +2(HO,S03)=2(CaO,SOg) + 2Cl-f 2H0. 
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They are powerful oxidizing agents, and are decomposed by 
heat and by exposure to light ; they decompose salts of man* 
gcmese^ and lead, precipitating from the former, hydrated per* 
oxide of manganese, and from the latter, first chloride, and 
then brown peroxide. 

Pure hypochlorites, when treated with sulphuric acid, erolve 
hypochlorous acid. 

CaO,C10 + HO,S03==CaO,S08-f ClO + HO. 
If a solution of arsenious acid in hydrochloric acid be coloured 
blue by solution of indigo, and mixed gradually with a dis- 
solved bleaching salt, no decolorization of the liquid will take 
place until all the arsenious acid has been converted into ar- 
senic acid. On this reaction is founded a method of estimating 
the value of bleaching-powder. 
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B.— OBQANIO ACIDS. 
I. — ^Aoids precipitated by Chloride of Cald|af|(i. 

{OcboUd^ Tartaric, Paratartario, Citric, and Malic Acidilf^ Ij^^ .hO>^/ 

111. Oxalic Acid. (HOjCjOg; or H0,0.) 

General characters, — It crystallizes in four-sided prisms, 
which are colourless, very soluble in water, very acid, and poi- 
sonous. These crystals contain three equivalents of water of 
crystallization, which when sharply heated they lose, the <iry 
acid subliming; at a high temperature, oxalic acid is decom- 
posed into toaier, carbonic, saidfsrmic adds, without blackening, 
-by which it is distinguished from most oths» organic acids. The 
alkaline oxalates are soluble in water, as are also some other 
oxahites with a metallic base ; they are aU decomposed at a 
red-heat, alkaline and earthy oxalates being thereby converted 
into carbonates. 

Comportment of solutions of Oxalic Add, and Oxalates^ 

with reagents, 

(Solution of Oxalate of Ammonia (NH4OO) may be used.) 

Chloride of calcium and aU soluble lime salts produce a 

white precipitate even in highly dilute solutions (Ca 0, + 2aq), 
insoluble in water aS well as in oxahc and acetic acids, but rea- 
dily soluble in hydrochloric and in nitric acids ; the presence 
«f ammonia promotes the precipitation of oxalic acid by salts 
of lime. 
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Ohhride of barium produces a white precipitate (6a O, O + aq) 
almost insoluble in water, but soluble in nitric and in hydro- 
chloric acids. 

J^Urafe of siher gives a white precipitate, soluble in nitric 
acid and in ammonia. 

Acetate of lead produces a white precipitate. 

When heated with concentrated sulphuric acid, oxalic acid 
and dry oxalates are decomposed, and the oxalic acid resolred 
into carbonic acid and carbonic oxide gases, 

HO,C203 = C02 + CO + HO, 
which escape with effervescence. The latter gas may, if present 
in sufficient quantity, be kindled ; it bums with a blue flame t 
if the mixture become black, it is a proof that it contains some 
other organic substance. 

112. Tabtabio Acid. (2TL0,G^1S.^0^q ; or 2H:0,T.) 

General characterM, — This acid crystallizes in large rhombic 
prisms, which are soluble in water and have a pleasant acid 
taste*; the solution decomposes by keeping, becoming covered 
with a mouldiness. When heated, the crystallized acid loses 
water, a^d gives rise to the formation of a series of new com- 
pounds ; and when treated at a high temperature with a stronff 
solution of hydrate of fotaeea^ it is converted into acetate and 
oxalate of potassa. Thus : — 

2HO,C8H^Oio = HO,C^H303 + 2(HO,C203). 

^ .^ ^ ^ ^ ' ^ < 

Tartaric acid. Acetic acid. Oxalic acid. 

The alkaline tartrates are soluble in water ; all the salts of 
tartaric acid that are insoluble in water are easily soluble in 
hydrochloric acid. 

Comportment of Tartaric Acid, and solutions of Tartrates^ 

with reagents. 

(Solution of Tartrate of Soda (2NaO,^ may be used.) 

Chloride of calcium produces a white precipitate almost in* 
soluble in water, but soluble in ammoniacal salts, the presence 
of which, therefore, prevents its formation ; it is soluble also 
in cold potassa, but excess must be avoided, or hydrate of lime 
will be precipitated ; if the potassa solution be boiled, tartrate 
of lime separates as a gelatinous mass, which redissolves as the 
solution cools. 

Lime ioater produces in solutions of neutral tartrates a white 
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precipitate, dissolring in tartaric acid, and also in ammoniacal 
salts. 

Chloride of barium produces a white precipitate soluble in 
dilute acids. 

Acetate of lead occasions a white precipitate of tartrate of 
lead, which when ignited out of access of air is decomposed, 
metallic lead in a fine state of division being formed, which 
bums when projected into the air. 

Nitrate of silver produces a white precipitate of tartrate of 
silver, which by boiling is reduced to a shining mirror, adhering 
to the glass bj agitation ; the reduced metal separates in thin 
laminie. 

When a salt of potassa (the acetate answers best) is added 
to free tartaric acid, and the mixture agitated, a sparingly so** 
luble. crystalline hitartrate of potassa separates; the addition, 
of alcohol further diminishes the solubility of this salt, which 
is freely dissolved in alkalies and in mineral acids. 

Tartaric acid possesses the property of preventing the pre- 
cipitation of several metallic oxides by alkaues, in consequence 
of the formation of soluble tartrates not decomposed by al- 
kalies; among the metallic . oxides which it thus affects are 
alumina, peroxide of iron, and protoxide of manganese. 

Tartrates, when heated, caroonize, emitting a very peculiar 
odour; the tartrates of the alkalies and alkaline earths are 
thus converted into carbonates. 

Paeataetaeio Acid, oe Eagemic Acid. 

This acid is isomeric with tartaric acid, from which it is dis- 
tinguished by the insolubility of its lime salt in excess of acid 
and in ammoniacal salts, and by the formation after a time, of 
a precipitate, with solution oi gypsum. 

113. CiTEio Acid. (3 H 0, CigHg 0^ ; or 3 H 0, Ci.) 

General characters. — This acid forms large transparent crys- 
tals, very soluble in water, and of a strong but pleasant acid 
taste ; its solution, like that of tartaric acid, decomposes by 
keeping. The acid itself carbonizes when heated to redness^ 
emitting a pungent acid vapour ; when heated with sulphuric 
acid in excess, it is decomposed into carbonic acidy carbonic 
oxide, acetic acid, and water. Thus : — 

Ci2H50ii + 3HO = 2C02,-|-2CO, + 2(C4H303), + 2HO. 

The alkaline citrates are soluble in water ; the insoluble salts 
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of citrie, and in fact of all organic acids are decomposed hy 
boiling with carbonate of soda, soluble alkaline salts being tha» 
obtained. 

Comportment of Citric Acid, and solutions of soluble Citrates 

loith reagents^ 

(SolutioB of Citrate of Soda (3NaO,Gi) aiaj be used.) 

Chloride of calcium produces, in solutions of citrates, but not 
in citric acid, a white precipitate of neutral dtrate of lime, 
insoluble in potaasa, but readily soluble in sal-ammoniac, 
from which, however, a basic citrate of lime is precipitated by* 
boiling. 

Lime water produces no precipitate in the cold; but by 
boiling, basic citrate of lime is deposited, which is redissolved 
as the solution cools ; this reaction serves to distinguish citria 
acid from most other organic acids. 

Acetate of lead produces a white precipitate, sparingly solu- 
ble in ammoni^cal salts and in ammonia^ but readily soluble in 
eitrate of ammonia. 

Citric acid, like tartaric add, prevents the precipitation of 
eertain metallic oxides by alkalies. 

114 Malic Acid, (2H:0, CgH^Og; or 2H0,M.) 

This acid, which occurs in several acid fruits, orystallizefir 
with some difficulty, and deliquesces rapidly when exposed to 
the air ; at the temperature of 230° it gradually decomposes 
into fumaric acid (2HO,CgH20g,), crystallizing in micaceous 
scales ; at a higher temperature it is in a great measure con- 
verted into maleic acid (2 H0,CgH20g,), which rises as a crys- 
talline sublimate, Jwmaric add remaining in the retort. The 
salts which this acid forms with bases are mostly soluble in 
water. 

Comportment of Malic Acid, and solutions ofMalates 

with reagents. 

Chloride of calcium does not produce any precipitate till al- 
cohol is added, when white malate of lime is deposited. 

Lime water produces no precipitate either in hot or cold so- 
lutions of malates, by which this acid is distinguished from 
tartaric, racemic, citric, and oofalic acids. 

Acetat0 qf lead, produces a white precipitate (2PbO,CgH4 
Og,6aq)^ which, by repose, crystallizes in needles, and wnicn 
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fuses under the boflmg-point of water, the best test of malic 
acid is probably its oomportment under heat. 

II. — ^Aoids preoipitated by SesquLohloride of Iron. 

{Suocinio, JB^nzoie^ TanmOy and GaUio Acid*,) 

116. Succinic Acid. (2HO,C8H40g ; or 2HO,8u.) 

This acid is crystalline and volatile ; its vapour is exceedingly 
acrid and penetrating. It is very stable, resisting the action of 
nitric acid, chlorine, and even of a mixture of hydrochloric 
acid and chlorate of potash. It combines with anhydrous sul- 
phuric acid, forming sulphosuccmic acid, which is tribasic. It 
was originally obtained from amber, whence its name. The 
salts which it forms with bases are mostly soluble in water. 

Comportment of Succinic Add and wlutioM of Suecinatea toiA 



(Solation of Siiooiiiftte of Ammonia {fSK^OtCgUfi^ may be tued.) 

Sesquichloride of iron produces a brownish-red volaminous 
precipitate, soluble in acids and decomposed by ammonia, hy- 
drated sesquioxide of iron being formed. 

Acetflte of lead produces a white precipitate of succinate of 
lead, soluble in excess and in tartaric and acetic acids. 

As the alkaline and earthy succinates are insoluble in alcohol, 
the acid after the addition of alcohol and ammonia is precipi- 
tated by chloride of barium, 

116. Benzoic Acid. (RO,Ci^H^O^; orHOjBz.) 

, This acid is obtained by sublimation, in the form of light 
flexible pearly scales, or by precipitation as a crystalline powder. 
When pure, it has no smell. It is fusible and volatile, its 
vapour being like that of succinic acid, very irritating. It is 
not very soluble in cold water, more so in hot, and readily so- 
luble in alcohol. Its principal source is gum-benzoin. Most of 
its salts are soluble in water. 

Comportment of Benzoic Acid and solutions of Benzoates with 

reagents. 
(Solation of Neutral Benzoate of Ammonia (NH4O,0]4HsOg) may be xued.) 

On the addition of hydrochloric acid to the solution of a 
benzoate in water, benzoic acid separates as a white crystalline 
powder. 
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SaguiMoride of iron produces a pale-jeUbw precipitate, de- 
composed by anuDonia, and by strong adds, which combine 
with sesquioxide of iron, benzoic acid being precipitated. 

Acetate of lead does not immediately precipitate free ben- 
zoic acid ; bat it produces a white flaky precipitate in solutions 
of fixed alkaline benzoates. 

117. Takkic Acid. (Cg^HggOj^, Strecher.) 

When pure, this acid is nearly white, but not at all crystalline. 
It is very soluble in water ; the solution absorbs oxygen from 
the air, and is converted into gallic acid. It has a most astrin- 
gent but not bitter taste. It is almost insoluble in ether. It 
is obtained in a state of purity from the gall nut, of which 
it constitutes nearly two-thirds of the weight. On the ad- 
dition of a mineral acid, a precipitate composed of tannic 
acid, and the acid employed, is determined. Solution of gelatine 
produces an insoluble curdy precipitate. The whole of the 
tannic acid in a solution may be removed by a piece of animal 
membrane. 

Solution of starch, and most of the vegetable bases also, pro- 
duce precipitates. 

Sesquichhride of iron gives a dark blae-black precipi- 
tate. 

118. Gallic Acid. (3HO,Ci4H3072aq, Strecher,) 

This ^cid forms beautiful prisms of a silky lustre, and a 
slightly yellow colour. It is not very soluble in cold, but dis- 
solves in three parts of boiling water. Its alkaline solution, 
w:hen exposed to the air, becomes first yellow, then green, red, 
brown, and finally nearly black, by the absorption of oxygen. 
It is not precipitated by gelatine ; its solution in hot sulphuric 
acid is precipitated by water as a reddish-brown, crystalline 

Sowder, possessing colouring properties, and which, when 
eated, yields fine red prisms. By the action of heat it is con- 
rerted into pyrogallic and metagallic acids. 

Solutions of gallic acid give, with a mixture of the salts of 
protoxide and sesquioxide of iron, a dark-blue precipitate; with 
salts of oxide of iron the precipitate is black. 
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III. — ^Aoids not precipitated by Chloride of Oaloitiin, 

or by Sesquiohloride of Iron. 

{Acetic, Formic, Uric, and Meconio Acids.) 

119. Acetic Acid. (HOjC^HgOg ; or HO, AcOg ; op HO, a.) 

The normal acid at temperatures below 60^ is a crystalline 
solid. It melts at 62° or 63°, forming a liquid of a pungent, 
peculiar, and agreeable smell, and a burning acid taste. It has 
a powerful action on the skin, on which it raises a blister, pro- 
ducing a painful sore. It boils at 248°, and its vapour is in- 
flammable. It is decomposed by anhydrous sulphuric acid, 
and also by chlorine, two new aqds, sulpha-cetic and chhracetio 
acidSf being formed. It is also decomposed when passed in a 
state, of vapour through a red-hot tube, the products being car- 
bonic acid and acetone. Thus : — 

C^H303 = C03 + C3H80, 

Acetone. 
Acetates, when heated, are decomposed with the same trans- 
formation. The greater number oi the acetates are soluble iii 
water. Acetate of silver, and acetate of suboxide of mercu^ry 
are crystalline, and only sparingly soluble. When heated with 
dilute sulphuric acid, acetates are decomposed with the libera- 
tion of acetic acid ; when heated with concentrated sulphuric 
^cid and alcohol, acetic ether is disengaged, which may be 
known by its peculiar odour. When an acetate is heated with 
potassa and arsenious acid, oa:ide ofkakodyl (C^HgAs,0) highly 
poisonous, is disengaged. .With excess of oxide of lead, acetic 
acid forms a solution which has an alkaline reaction. Ses- 
guichloride of iron exhibits no reaction with acetic acid ; but 
)n solutions of neutral acetates, peracetate of iron is formed, 
which imparts to the solution a blood-red colour. 

120. FoBMio Acid. (H0,C2H03.) 

This acid in its most concentrated state, fumes in the air, and 
has a very pungent acid smell. At a low temperature,^ it crys- 
tallizes in brilliant scales. It is highly corrosive, acting power- 
fully on the skin, and producing painful sores. It boils at 212°, 
and its vapour is inflammable ; all its salts are soluble in water. 
They have a general resemblance to the acetates, but are, never- 
theless, quite distinct. When heated to redness, they give off 

PART I. N 



178 QUALITATIVE ANALTS18. 

carbonic acid and carbonic oxide, leaving the metal reduced, or 
carbonic oxide, leaving a metallic oxide. By the property 
which this acid and its salts possess, of reducing the oxides of 
the precious metals, it is distinguished from acetic acid. When 
nitrate of silver, or subnitrate of mercury are added to con- 
centrated solutions of alkaline formiates, sparingly soluble pre- 
cipitates are formed, and on the application of heat, a reduction 
instantly takes place, carbonic acid and water being formed. 
Thus :— 

HO,C2H03 + 2HgO = 2Hg + 2C02-|-2HO. 

By gently heating chlonde of mercury with an alkaline for- 
miate, it is reduced first to subchloride, and then to metallic 
mercury. 

When formic acid is heated with concentrated sulphuric acid, 
it is decomposed into water and carbonic oxide. Thus : — 
HO,C2HOo+HO,S03 = 2CO-|-HO,S08+2HO. 
The sulphuric acid withdraws from the formic acid the elements 
of water, and a transposition of its atoms takes place. The 
same decomposition occurs, on heating a formiate with sulphuric 
acid. 

121. TJeio Acid. {2^0,C^q^^1^^0^.) 

This acid is separated from its compounds by mineral acids 
as a white crystalline powder. It is very sparingly soluble in 
water, the solution reddens litmus ; all its salts are likewise 
very sparingly soluble. When uric acid is dissolved in nitric 
acid, the solution evaporated to dryness, and ammonia added, a 
beautiful crimson colour is obtained. This is the characteristic 
test for uric acid : — the substance to be examined is warmed in 
a watch-glass with a drop of nitric acid, and evaporated to dry- 
ness at a gentle heat ; the residue will have a red colour if 
uric acid be present, becoming crimson when exposed to the 
vapour of ammonia. This beautiful compound is murexid or 
purpurate of ammonia ; on the addition of a drop of caustic 
potassa a magnificent purple colour is produced, which vanishes 
on the application of neat. By fusion with alkalies, uric acid 
disengages ammonia. 

122. Mecokic Acin. (SHOjCi^HOn, 6aq.) 

This acid, which is found only in opium, crystallizes, when 
pure, in the form of beautiful white silvery scales. It is so- 
luble in water and in alcohol. The solution is decomposed by 



0BGA9IC ACIDS. 179 

boiling; it is also decomposed by hydrochloric acid, and en- 
tirely so when heated with excess of potassa ; oxalic acid, car- 
home acidf and a colouring matter being the products. Its dis- 
tinguishing character is that of causing a deep hlood-red colour 
in solutions of persalts of iron, without, however, any precipi- 
tation taking place. 
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CHAPTEE V. 

ON THE COMPORTMENT OF THE PRINCIPAL ALKALOIDS 

WITH REAGENTS. 



Nicotma or Nicotine, the poisonouB alkaloid of Tobcteco, 

Coma or Comeine, the poisonouB alkaloid of Hemlock. 

Morphia or MorphinCy ^ 

Narcotina ot Narcotine, > the alkaloids of Opium, 

Codeia or Codeine^ 3 

Strychnia or Strychnine^ } ii. i • j ^ tit 

•D ' -n ' c the poisonous alkaloids of liux vomtca, 

Jirucia or JsrucinCy 3 '■ 

Aconitina or Aconitine, the poisonous alkaloid of Monkshood, 

Atropia or Atropine, the poisonous alkaloid of the Deadly NiyhUhade. 

123. NiCOTIKA. (C10H7N.) 

General characters, — ^It is a colourless oily liquid, which by 
exposure to the air becomes first yellow, then brown, and 
finally solid, by absorbing oxygen. It is infiammablc, has an 
acrid taste, and an extremely irritating odour. It is soluble in 
water, in alcohol, and in ether ; its solution in alcohol turns 
turmeric-paper brown. Its salts are soluble in water, and in 
alcohol, but only very sparingly soluble in ether. 

Reactions with reagents, 

Terchloride of gold produces in aqueous solutions a reddish- 
yellow precipitate. 

Bichloride of platinum causes a yellow precipitate. 

Infusion of galls, a copious white precipitate. 

Chloride of mercv/ry, protochloride oftin^ and acetate oflead^ 
white precipitates. 

Chlorine gas decomposes nicotina with the evolution of hy- 
drochloric acid gas, and the formation of a blood-red liquid, 
which, on exposure to the rays of the sun, becomes colourless. 

Solution of iodine produces with solution of nicotina a 
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reddisb-browji precipitate, the colour of which is destroyed by 
potassa and by ammonia. The volatility of nic6tina is its most 
marked test. 

124, CoNiA, (CigHiBN.) 

General characters, — This alkaloid is likewise a volatile, 
oily, colourless liquid, becoming yellow by exposure to the air. 
It has a powerful odour, like that of fresh hemlock. It is very 
soluble in alcohol and ether, but sparingly so in water. Its 
vapour fumes when brought into contact with vapours of ni» 
trie, hydrochloric, and acetic acids. Its reactions with reagents 
are very similar to those of nicotina, from which it is distin- 
guished by its odour and by its sparing solubility in water. 

125. MoEPHiA. (Cg^HigNOg, + 2aq.) 

General characters. — This alkaloid occurs in small, colourless, 
rectangular prisms ; by heat the two equivalents of water 
which it contains are expelled, and the alkaloid fuses into a re- 
sinous mass which on cooling crystallizes. It is soluble iu 
about 1000 times its weight of coldy and in about 400 times its 
weight of hot water ; the solution has a bitter taste, and an al-> 
kaline reaction. It is sparingly soluble in cold alcohol, but 
abundantly so in hot. In ether it is very sparingly soluble ; 
the fixed alkalies dissolve morphia in considerable quantities, 
ammonia dissolves it less readily. The salts of morphia are so- 
luble in water and alcohol, especially iu presence of excess of 
acid, but insoluble in ether. 

Reactions with reagents* 

Nitric acid produces with morphia, or its salts, a AsaV-orange 
colour, gradually passing into a yellow. 

A mixture of nitric and sulphuric acids colours morphia 
green, 

Ou adding the alkaloid or one of its salts to a solution of 
iodic acidy iodine is set iree, imparting a hrown colour to the 
liquid ; if some starch be previously added to the iodic acid, the 
colour becomes hhie. 

Sesquichhride of iron produces a hlus precipitate, soon pass* 
ing into a dingy green^ and finally to a hrown* 

Bichloride of platinum produces a granular orange-geUow 
|»recipitate* 

From a solatioii of tercAhride qf gold the metal is gradually 
reduced. 
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126- NABOomrA. (C^B^lX0^2tui.) 

This alkaloid, which crystallizes in large, lostroiis, right 
rhombic prisTos, possesses a rerj feeble alloiliiie reaction; its 
salts are all acid, and hare a rerjr bitter taste. It is neaiiy in- 
soluble in water, bat abundantly so in alcohol and in ether, 
especiall J in the latter, by which property, and by its not strik- 
ing a bine colour with MetqmMaride of irony nareotina is dis* 
tingoished from morphia. The most characteristic test is how- 
eyer the following : — 

If a crystal of nareotina, or of dther of its salts, be placed 
in concentrated sulphnric acid, and a drop of nitric acid added, 
a hloed-red colour will be produced, which on the addition c^ 
more nitric acid disappears. 

127. arBTcmriA. (C4aHgNj|04.) 

This powerful alkaloid crystallizes in white lustrous prisms, 
or in octohedra. Cold water does not dissolve more than 
-j^jj of its weight, bat nevertheless acquires a distinctly bitter 
taste ; in ether and in absolute alcohol strychnia is insoluble, 
but in hot dilute alcohol it dissolves, crystaDizing out on cool- 
ing. Its salts are soluble in alcohol. The tulphatey nitrate^ 
and hydrochlorate dissolve in water, their solubility being much 
increased in the presence of free acid. Strychnia is insoluble 
in the caustic alkalies, but soluble in the essential oils and in 
chloroform. 

Seactiotu with reagents, 

Terehloride of gold gives a reddifh-yellow precipitate. 

Bichloride of platinumj tkydlow granular precipitate. 

Infusion ofgcdU^ a white precipitate. 

Salphocyanide offoi<U9Vumy a white crystalline precipitate. 

Nitric acid added to strychnia becomes yeUow, u the acid be 
concentrated, it acquires at the first moment aroc^-rei^tint, soon 
however becoming light-yellow. 

Chlorine water gives a white precipitate soluble in ammonia. 

Bichromate ofpotaeta and 9idphuric acid give rise to a beau^ 
tiful violet tint J soon fading into a pale rose-^iolowr. ^ If," ob- 
serves Otto, '* this experiment be executed with the necessary 
care, the strychnia deposited from one drop of an ethereal solu- 
tion can be very distinctly recognized ; but to obtain a distinct 
reaction it is requisite that the amount of Uehromate be pro* 
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portional to the quantity of the alkaloid, and this is best at- 
tained by using the former in the shape of a solid piece, and 
neither as a powder nor in solution. After solution of the 
strychnia has been effected, the acid is spread out over the 
surface of a porcelain dish, and' then the crystal of bichro- 
mate of potassa placed in it. On inclining the dish, violet 
stripes are noticed flowing from the salt, and on moving the 
crystal backward and forward by means of a glass rod, the whole 
of the liquid assumes a rich violet colour. 

Other oxidizing agents produce a similar effect. 

If a crystal of strychnia, or either of its salts, be placed on a 
slip of clean platinum-foil, and moistened with strong sul- 
phuric acid, and if the foil be then connected with the positive 
pole of a small galvanic battery (two of Grove's cells are quite 
sufficient) and the wire from the negative pole be brought into 
momentary contact with the liquid (taking care that it does 
not touch the metal), the violet colour will instantly appear. 

For the physiological test for strychnia, we are indebted to 
Dr. Marshall Hall. This consists in throwing fresh young 
frogs into tetanic convulsions by the action of the poison. The 
back of the animal should be cleaned with blotting-paper, pre- 
vious to placing them in the liquid to be tested. Dr. Hall 
states that by this method -g-ffW ^^ * grain of strychnia may 
be detected, and Dr. Harley found that when a solution contain- 
ing only ^^^^^ of a grain of acetate of strychnia was injected 
into the lungs of a verv small frog, the animal became vio- 
lently tetanic in nine and a half minutes, and died in two hours. 

The best solvent for strychnia in complicated organic fluids 
is chloroform ; the liquid having been previously made alkaline ; 
on expelling the chloroform by gentle evaporation, the alkaloid 
remains behind, and may then be dissolved in dilute hydro- 
chloric acid, and subjected to the above tests. 

Animal charcoal possesses the property of removing alkaloids 
from solutions ; it should never therefore be used as a decolorizing 
agent. Hofmann and G-raham dissolved half a grain of strychnia 
in half a gallon of beer, and left two ounces of animal charcoal 
in contact with the liquid for twenty-four hours ; the charcoal 
was then separated by filtration and boiled for half an hour 
with eigh| ounces of alcohol, fresh portions being added from 
time to time to replace the loss by evaporation. The alcohol 
was then removed oy distillation, the residue mixed with caus- 
tic potEBsa^ agitated with ether, and the ethereal solution allowed 
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to evaporate spontaneously in a wateb glass. On the addition 
of a drop of sulphuric acid, and a particle of bichromate of 
potassa, the characteristic violet colour was produced. 

128. Bbucia. (C4gH<^N2 08,8aq.) 

This alkaloid is more soluble in water than strvchnia ; it is 
soluble also in strong alcohol, by which it may be separated 
from strychnia ; it crystallizes in small oblique rhombic prisms 
which are insoluble in ether ; its taste is intensely bitter ; it is 
less poisonous thau strychnia ; its salts are more soluble in 
water than those of strychnia. 

Reactions with reagents. 

Nitric acid produces a bright red colour, which soon becomes 
yellowish-red, and finally yellow ; the addition of protochlaride 
of tin changes the colour to violet. 

Concentrated sulphuHe acid produces a rose-red colour, which 
soon vanishes. 

On adding sulphuric add and bichromate of potash to a solu- 
tion containing brucia, the blue, violet, and purple colours ob* 
served in strychnia are not produced. 

129. ACONITIITA. 

This intensely poisonous alkaloid generally occurs in whitish 
granular masses, without any distinct crystalline structure ; it 
is sparingly soluble in water, more soluble in ether, and readily 
dissolved by alcohol. Its solution has a strong alkaline re« 
action, and it forms, with acids, salts which do not crystallize. 

There are no reliable chemical tests whereby to identify this 
alkaloid, but Dr. Headland has recommended (* Lancet,* March 
29th, 1856) as a physiological test, the application of a spiri-^ 
tuous extract of the acid contents of the stomach. If -^ of 
a grain be obtained it will be sufficient. He states that ^^ 
of a grain will poison a mouse with characteristic symptoms \ 
y^ a small bird ; -nnnr ^^ ^ grain causes tingling and numb-^ 
uess of the tip of the tongue ; yqit ^^ ^ grain dissolved in 
spirit, and rubbed into the skin, causes loss of feeling lasting 
foi^ some time. 

130. Atbopia. (Cs^HjjaNOa.) * 

It occurs in white, silky needles, or as a vitreous mass. It 
is sparingly soluble in water, more so in ether, and disaolyiiig 
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freely in nlcofaol and iiQ chloroform. Its salts, wliicb are easily 
soluble in water, are very unstable, suffering gradual deoom* 
position by exposure to the air. Like aconitina, its reactions 
with reagents show nothing characteristic, but if a few drops 
of a solution of one part of sulphate of atropia in 9600 parts 
of water, be introduced into the eye, considerable dilatation of 
the pupil is produced, lasting from half an hour to an hour. 

131. Detection of the Poisonous Alkaloids in Organic Mixtures, 

The following process, recommended by Stas, has met with 
the approval of most toxicologists. It is founded on the ob** 
servation, that the alkaloids form acid salts, which are soluble 
in water, and in alcohol, and that on decomposing a solution of 
this kind by means of an alkali, and agitating it with a sufficient 
quantity of ether, the liberated base dissolves in the ether. If 
the contents of a stomach, food, etc., are to be examined, they 
toe mixed with double their weight of the strongest alcohol, 
from 10 to 30 grains of tartaric or owalic acid are added, and 
the mass heated in a retort or dask to about 170° Fahr. Ori- 
gans, such as liver, lungs, etc., must be cut into small shreds, 
' moistened with alcohol and acid, then pressed, and this opera* 
tion several times repeated. When cold, the liquid is strained 
through filtering-paper, and the residue washed with strong 
alcohol. The filtrate is evaporated, nearly to dryness, at a 
temperature not exceeding 100° Fahr., in a current of air, or 
still better in vacuo over sulphuric acid. The residue is eX'^ 
hausted with cold anhydrous alcohol; the extract is evapo^ 
rated ; the residue is dissolved in the smallest possible quantity 
of water, and the solution saturated with bicarbonate of soda* 
The liquid is then agitated with from four to six times its 
volume of pure, rectified ether ; the alkaloid will be found in 
the ethereal solution. A small portion is tested for the volatile 
alkaloids (nicotine^ eonia^ by allowing it to evaporate spon^ 
taneously in a watch-glass. 

132. (1) A Volatile Alkaloid is indicated. 

In this case the whole ethereal solution is agitated with a 
strong solution of caustic potassa, and allowed to stand ; the 
ether which has collected on the surface is then poured off*, and 
agitated with pure dilute sulphuric acid, and allowed to remain 
at rest for some time ; the volatile alkaloids are hereby con- 
verted into sulphates and are contained in the aqueous solution ; 
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tfakknonr toliejytalcdwiAittMikBodacrpiitMMMidi^gmtt 
treated vith ether. The ethereid lohition co nUmM the a jk il flid 
now in a pore state aa regards animal nattera^ livt contamiiig 
perliapa aniiafffiia, from wkieh it ia ficed bj spontaoeoaa era* 
poraticfD, or m wmema over aalphime ae^ ; the Mnmrtti^^ being 
expelled, the lemdae ia in a state to be chemically examined. 

133. (2) A Fixed Alhdoid » indicated. 

The si^ntioo, after aatnration with buaibonate of soda, is 
completelT extraeted bj repeated agitatkm with pare rectified 
ether, ana the ethereal soliition exposed to spoataneoua evapo* 
xatkm. The residue, which is distinctlj slhaKne and cootaina 
mnch animal matter, is diasolTcd in a smail quantitj of dilate 
alcohol, and allowed spontaoeooidy to eTiqM»afee; the reaidae is 
treated with dilate Bulphonc aeid and allowed to stand ; the 
dear liqoid is coocentrated in Tacoo ot^ solphazic add, arerr 
concentrated solatiou ci carbonate of potasaa is added, and 
then anhvdroos alcohol ; the alcohobc solnticMi on evaporatioii 
yields the aUcaknd in crystals the nature of which is examined. 

By this process, Stas has succeeded in isolating from mix- 
tares with foreign sobetances, morfliiaj eodeioy gtryeima, hrueia^ 
nermfriay aeomitima, atropia, and serend other alkaloids. When 
the presence of cpimm has to be established, the soiqiected 
matteia are treated with dilate alcohol and a little hydrochkurie 
acid, the extract ia concentrated by eTsporatioay the leaidBe 
dissolved in water, filtered, and the filtrate mixed with moj^eaia 
in excess, heated to eboUition and then again filtered. The 
resulting liquid contains meeomate of magnenOy whieh, whea 
acidulated with hydrochloric add, strikes the characteristic 
Hood-red colour with sesqoichloride of iron ; bat aa some kinda 
of opium do not contain meconic acid, it may be adrisable to 
treat the suspected substance for morphia in the manner above 
described. 
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CHAPTEE YI. 

ON SYSTEMATIC QUALITATIVE ANALYSIS. 

184. Is the Third Chapter the chemical comportment of a 
great number of substances with reagents has been described. 
Amongst the bases there have been omitted only a few me- 
tallic oxides of rare occurrcDce ; and amongst the acids, nearly 
all in the inorganic, and a great number of those in the organic 
kingdom that are of anything like frequent occurrence, have 
been included. JN'ow when the student has made himself «ar- 
perimentally acquainted with the relations of these substances 
to reagents, and when he has become familiar with all the 
leading reactions that have been described, he is in a position 
certainly to pronounce a correct opinion as to the nature of 
almost any arrangement of a single hose with a single add (or 
element replacing it), that may be presented to his notice ; but 
if he be called upon to decide upon the nature of a compound, 
consisting perhaps of a mixture of several substances, it is clear 
that a mere knowledge of the action of reagents aloney will not 
serve him, but that he must possess the knowledge also of a 
method of separating the various substances from each other, 
and of determining the ahsence or presence of certain bases 
and acids : in short, he must know how to proceed on a sys- 
tematic method of examination, without which chemical andy- 
sis would be little better than mere guess-work, and its cor- 
rectness or incorrectness quite a matter of chance. Even in 
the examination of a compound which is known to consist of 
a single acid and a single base only, the greatest advantage 
is derived from the systematic method, a great saving of time 
and labour is effected, and the result is arrived at in a far more 
satisfactory manner than it could be by the indiscriminate ap- 
plication of test after test, following no rule or order, but 
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merely throwing out baits, as it were, with the hope of erenta- 
ally meeting with appearances, and of obsenring phenomena, that 
may enable ns to recognize the presence of some particular 
substance. In this Chapter oar object will be to point out the 
manner in which this systematic method of qnalitatiTe analysis 
is to be conducted ; and onr attention will be confined to those 
substances and combinations only which are of general occur- 
rence. l*he subject will be thus rendered far more inviting, 
and less embarrassing, to the beginner ; and, after the student 
has made himself thoroughly acquainted with the principlee on 
which general examinations are conducted, and has acquired a 
dexterity in conducting the manipulatory processeis he will 
afterwards find no difGiculty in encountering the analysis of 
eompounds in which the rarer substances occur, to the exist* 
ence of which a careful preliminary examination will, generally 
speaking, arouse his attention. 

PBEUHIirABY EXAMIKATIOK. 

185. Before submitting a compound to analysis in the loei 
way, there are c^iain thy operations to be performed upon it 
which should never be neglected, as they frequently furnish 
valuable hints for the subsequent examination, and always give 
some insight into the nature of the substance ; though it must 
particularly be borne in mind that the absence of many of the 
reactions about to be described does not neeenarUy imply the 
abeenee of particular bodies, since when several substances are 

S resent together, one reaction frequently masks or altogether 
estroys another. Nevertheless, although the wet analysis of 
a compound will almost invariably be necessary, the prelimi* 
nary dry assay is not without its value, as it draws special at- 
tention to the presence of various bodies, when the operator is 
performing the svstematic analysis. 

136. In the first place, the physical characters of the sub** 
stance are noted, such as \t%farmi density ^ coIouTj hardness, etc. 
It should then be reduced to powder, and subjected to the 
action of heat, both alone, and also together with certain fluxes. 
The experiments are conducted in the following manner : — 

I. A small portion of the substance reduced to a state of 
fine division^ is introduced into a tube of hard glass open at 
both ends, and about one-third of an inch in diameter, and 
heat^ in the fiam^ of a gas or spirit laipp. 
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A. It does not oliange. 

No organic matter is present ; the absence of hydrates ; of 
#alt8 containing water of crystallization ; of readily Vtm^Z^ sub- 
stances, and pf volatile substances, is also iudicate(£ 

B. It changes colour. 

(1) It is yellow while hot, but becomes white on cooling. 
Oxide of zinc is probably present. 

(2) When hot it assumes a yellowish-hrown colour, and on 
cooling a permanent dirty yellow^ Binoxide of tin is probably 
present. 

(3) While hot the colour is reddish-brown; the colour becomes 
yellow on cooling. Oxid-e of lead is probably present. 

(4) When hot deep-yellow ; dull-yellow on cooling. Oxide of 
Msmuth is probably present. 

C. It emits gases or ftuneSy or intumesoes. 

(1) A splinter of wood, red-hot at the end, bums vividly 
,when introduced into the upper end of the tube (O). I^er- 
oxideSf chlorates, nitrates) iodates, and bromates either, or all, 
may be expected to be present. 

(2) A smell like that of a burning sulphur-match is recog- 
.nized ; the evolved vapour bleaches litmus-paper. The presence 
of one of the lower oxides of sulphur is indicated. 

(3) Vapours of a reddish-brown colour are emitted. The 
presence of nitrates (especially those of the heavy metals) is 
mdicated. 

(4) A gas is disengaged which extinguishes the flame of a 
burning body, and which, when passed into Ume water- or baryta 
water causes turbidity. The presence of carbonic add is in- 
dicated. 

(5) A gas is disengaged which bums with a blue flame (C 0), 
-the substance not necessarily changing colour. The presence 

of oxalic acid is indicated ; that acid, and the oxalates, decompo- 
sing into CO and 00^ by heat. 

(6) An inflammable gas,.burning with a peach-coloured flame, 
and emitting the peculiar smell of oil of bitter almonds, is 

-evolved. Some cyanoyen compounds are present. 

(7) A gas emitting a strong odour of rotten eggs is evolved ; 
« piece of paper moistened with a solution of a lead salt is 
blackened when introduced into the gas. Mydrosulphurio acid 
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{tulphuretted hydrogen), arising piobablj fiom moigt sulphides, 
is indicated. 

(8) A pungent gas is erolred which resto re s the Mae colour 
of reddened litmns-paper, and causes dense fumes when a glass 
rod moistened with strong acetic acid is brought into contact 
with it. Ammonia is indicated, which maj arise from the de- 
composition of ammoniacal salts, from the decomposition of 
nitrogenous organic matters, or possibly from the decomposition 
of some cyanogen compounds. 

(9) A yapour rises from the heated substance which con- 
denses in the cooler parts of the tube. 

a. The condensed liquid does not affect the colour of 
iitmus-paper : it is pure water. Some salt or salts 
containing water of crystallisation, (alttms^ horateMj 
alkaline phoephatee^ etc.,) are present. 

p. The condensed liquid has an alkaline reaction. Am-' 
monium compounds are indicated. 

y. The condensed liquid has an acid reaction. Some 
volatile acid is indicated (eulphvric, eulphuraus, 
hydrqfluoricy hydroehhriej hydrobrmmcy fydriodiCj 
nitric, etc.). 

(10) The substance enblimet with, or without odour, and is 
deposited on the cold sides of the tube. Various volatile salts 
may be present, also areenioue acid, benzoic acid^ etc.; also 
eulphur (condensing in brown oily drops.) 

II. A small portion of the substance is heated in a closed 
tube with carbonate of soda. 

A. It does not blacken. 

(1) A metallic mirror is formed on the cooler part of the 
tube, which cannot be resolved into metallic globules by rubbing 
it with a glass rod, and which, on further heating, is volatilized, 
and again sublimed in the form of octahedral crystals. Arse* 
nieal compounds are indicated. 

(2) A metallic mirror is formed, resolvable into metallic 
slobules by rubbing with a glass rod. Mercurial compounds are 
indicated. 

(8) No metallic sublimate, but an aromatic odour of frank- 
incense emitted. A salt of henzde acid probably present. 

(4) No metallic sublimate, but powerfully irritating fumes. 
Succinic acid is probably present. 
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B. It blackens. 

(1) A peculiar odour (acetone) is evolved. Presence of 
acetates, 

(2) A colourless residue, soluble with effervescence in hy- 
drochloric acid. One or more of the organic acids in combination 
with alkalies or alkaline earths may be present. 

III. A small portion of the substance is heated on charcoal 
in the inner blowpipe flame. 

(1) The substance colours the outer flame — 

a. Golden yellow, indicating sodium, 
P, Violet, indicating potassium, 
y, Yellounsh-green, indicating barium, 
o. Crimson, indicating strontium, 
€. Meddish-^elhw, indicating calcium. 
f . Oreen, indicating copper, phosphoric acid, horacic acid, 
•q. Blue, indicating amtimony, lead, arsenious acid, chloride 
of copper, 

(2) The substance defla^ates, indicating nitrates, or chlorates. 
The substance decrepitates, indicating chloride of sodium. 
The substance intumesces, indicating alums, borates, 

(3) The substanceytwtf* readily and is absorbed by the char^ 
coal, indicating alkaline salts, 

(4) The substance does not fuse, but leaves a white residue. 
Salts of barium, strontium, calcium, maanesium, aluminum, zinc, 
and silicic acid may be present; if it become highly luminous 
on ignition, oxides of strontium, calcium, magnesium, and zinc 
must be looked for. If on moistening the cold residue with 
nitrate of cobalt and again strongly igniting, it assume a fine 
blue colour, alumina, or earthy phosphates, are present ; if it 
become pale-red, magnesia ; if green, ocdde of zinc. 

(5) The substance does not fuse, but leaves a coloured residue. 
Heat a small fragment on a clear borax bead on platinum wire, 
in the outer flame of the blowpipe. 

a. The bead is bhie when hot, and blue when cold. 

Characteristic of oxide of cobalt, 
j8. The bead is green when hot, and bhie when cold. 

Characteristic of oxide of copper, 
y. The bead is green when hot, and green when cold. 

Characteristic of sesguioxide of chromium, 
8. The bead is brownish-red when hot, and ora/nge when 

cold. Characteristic of sesquioaeide of iron. 
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c. The bead is reddish-hrown^ becoming lighter on cool- 
ing. Characteristic of oxide of nickel, 

{. The bead is yellowish-hroum while hot, the colour be- 
coming very faint on cooling. Characteristic of 
oxide of bismuth, 

17. The bead is anneikyH colour while hot, becoming 
lighter or altogether vanishing on cooling. Cha» 
racteristic of oxide of manganese, 

IV. A little of the substance is mixed with carbonate of 
soda, or with a mixture of carbonate of soda and cyanide of 
potassium, and heated in the inner blowpipe flame. 

(1) The substance is reduced to the metallic state mtlout in- 
crustation. 

a. The metal appears in white shining scales. Silver ; 

tin. 
p. The reduced metal is red. Copper, 
y. The reduced metal is yellow. Gold, 

(2) The substance is redtwed to the metallic state toith incrus 
tation, 

a. The reduced metal is brittle, the incrustation is white. 

Antimony, 
/3. The reduced metal is brittle, the incrustation is 

brown-yellow. Bismuth, 
y. The reduced metal is not brittle, the incrustation is 

yellow. Lead, 

(3) The substance is not reduced to the metallic state, bid U 
Jumishes an incrustation, 

a. The incrustation is white. Oxide of zinc, 

p. The incrustation is brownish-red. Oxide of cad-' 

mium, 
y. The incrustation is white, and garlic-smelling fumes 

are emitted. Compounds of arsenic, 

(4) An alkaline sidphide is lefb which stains metallic silver 
black. Compounds of sulphur. 

137. If the substance to be analysed be a liquid, the first 
step is to evaporate a portion of it to dryness on plati- 
num foil, in order to see whether it really contain anything 
in solution, and then to ascertain, by means of test-papers, 
whether it has an acid^ or alkaline, or neutral reaction ; if the 
first, it does not necessarily follow that the solution con- 
tains fr^e acid, for it must be borne in mind that saline 
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•oltttions of many of the heavy metaUic oxides redden litmus^ 
paper. It is not difficult, however, to decide whether the 
HCid reaction is occasioned by a metallic salt or bj a free acid ; 
the addition of a drop or two of solution of carbonate of po-> 
tassa or soda generally, in the first case, renders the liquid turbid; 
while, in the latter case, it remains clear. If the solution be 
alkaline^ it can contain no metallic oxides that are insoluble in 
alkaline liquids ; and if it be perfectly neutral, it probably con* 
sists only of salts of the alkalies, or alkaline earths. 

138. These preliminary experiments having been made, and 
some insight into the general nature of the substance under 
examination having thereby been obtained, its relation to sal^ 
vents is next to be examined. It is reduced to a fine state of 
division by trituration in an agate mortar, and a portion di- 
gested for some time in a test-tube with distilled water ; if it 
be entirely dissolved, the qualitative analysis of the aqueous 
solution may at once be proceeded with, taking about twenty- 
five or thirty grains of the substance. If a complete solution 
do not take place, a drop or two of the clear liquid is to be eva- 
porated to dryness on platinum foil, in order to see whether 
water has dissolved anything. 1\ the evaporated liquid leave a re- 
sidue, then the substance must a secona,and a third time, be di* 
gested with fresh portions of distilled water, filtered, and the 
filtrate set aside for subsequent examination. The undissolved 
residue is next gradually heated to boiling, with dilute hydro- 
chloric acid, and if complete solution be not efiected, the fiuid is 
decanted, and the residue digested with concentrated hydro- 
chloric acid, particular attention being paid to the nature of the 
gases evolved. If an efierveocence take place, carbonic acid, *uU 
phuretted hydrogen, and hydrogen gases may be looked for ; the 
first betrays the presence of carbonates, the second that of sul» 
phides, the third that of certain metals ; the evolution of chlo^ 
rine indicates p«roa;tV^tf or chromates^ and hydrocyanic acid points 
out the existence of certain cyanides. If complete solution of 
the substance be not effected by concentrated hydrochloric 
acid, a fresh portion is to be digested with nitric acid; a 
few of the metals only, escape solution by this acid (gold, pla* 
tinvm, palladium, etc.) ; tin, and antimony are oxidized by it, 
but the oxides are not dissolved ; it moreover decomposes all 
sulphides, with the single exception of sulphide of mercury, 
setting free sulphur, which is easily recognized by its colour 
and lightness, and its being completely evaporated when heated 
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on a strip of platinam foil. If nitric acid fail to dissolye the 
substance completely, aqwjt-regia may be tried, and if this leave 
a residue, recourse must be bad to fusion with an alkali or aa 
alkaline carbonate, the following preliminary experiments being 
first performed upon it. 

(1) A small portion is heated on a slip of platinum foil ; the 
odour of sulphurous acid is conclusive as to the presence of suU 
phuTy and, if no other substance be present, the whole will be 
dissipated by a very moderate heat ; in this case, a prolonged 
digestion of the residue in aqua^regia will, generally speaking, 

five a clear solution, the whole of the sulphur becoming oxi« 
ized into sulphuric acid. 

(2) A small quantity is moistened with sulphide of ammo- 
nium ; if it immediately become black, an insoluble silver^ mer* 
curifj or lead salt is present. 

(8) A small portion is mixed with carbonate of soda, and 
heated in the inner blowpipe flame ; a metallic reduction, ac* 
companied by a yellow incrustation, indicates lead, 

(4) A small quantity is digested with carbonate of potassa or 
soda ; if it become black, subchloride ofinerewry is present, which 
is further confirmed by mixing a portion of the residue with 
slightly moistened carbonate of soda, and heating it in a glass 
tube ; small globules of mercury are easily recognized with the 
aid of a lens. 

r5) Another small quantity may be digested with ammonia^ 
and the clear ammoniacal liquid supersaturated with nitric acid ; 
the formation of a white precipitate, insoluble in the nitric acid, 
indicates silver. 

Besides insoluble compounds of silver, lead, and mercttry, the 
residue insoluble in aqua-regia, may contain sulphates of the 
alkaline earths, silicates^ fluorides, certain phosphates and arse^ 
niates, and the insoluble modifications of oxides of tin, antimony ^ 
and chromium, Sesquioxide of iron also is dissolved only with 
great diflBculty, after having been strongly ignited. All these 
compounds may, however, be brought into a soluble state by 
fusion with carbonate of soda, or better with a mixture of car- 
bonate of soda and carbonate of potassa, or of carbonate of 
soda and cyanide of potassium, their constituents being thereby 
transposed in such a manner as to admit of their easy detection 
by a proper subsequent treatment. Por example, if the ori- 
ginal substance undissolved by nitric acid, or by aqua-regia, con- 
tain sulphates of the alkaline earths, the result of a fusion with 
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ii^boiiate of soda is to bring them to the state of carbonates, 
which, though insoluble in water, are readily dissolved by dilute 
hydrochloric acid, and the bases are then easily detected in the 
hydrochloric solution : the sulphuric acid with which these bases 
were previously combined, is found in the aqueotis solution of 
the fused mass, in the form of sulphate of soda. Again, if the 
insoluble residue contain chloride, iodide, or bromide of silver or 
lead, the result of the fusion with an alkaline carbonate, which 
in this case must be performed in a porcelain, and not in a pla- 
tinum crucible, is to transfer the chlorine, bromine, or iodine to 
the metal of the alkaline base, forming compounds easily solu- 
ble in water, and therefore easy of detection in the aqueous so- 
lution of the fused mass ; while the metal or metals with which 
the chlorine, iodine, or bromine was originally combined, being 
of course insoluble in water, may be dissolved in nitric acid, 
and detected by the appropriate tests. If baryta, strontia, 
and lime be present, besides the oxides of silver and lead, the 
two latter metals are precipitated from the nitric solution by 
sulphuretted hydrogen : the liquor filtered from the precipitate, 
is nearly neutralized with carbonate of soda, and mixed with 
hydrofluosiiicic acid, by which the baryta, after a time, is preci- 
pitated. To the liquor filtered from this precipitate, solution of 
sulphate of potassa is added, which precipitates the strontia in 
company, perhaps, with a little of the lime, and on filtering off 
the precipitated sulphate of strontia, adding to the filtrate am- 
monia, and then oxalate of ammonia, a white precipitate, indi- 
cating the presence of lime, is determined. Silicic acid, if pre- 
sent, passes into the state of silicate of soda, and is discovered 
by adding excess of hydrochloric acid to the aqueous solution 
of the fused mass, evaporating to perfect dryness, and treating 
the residue with water ; by tliis treatment tlie silicic acid is 
brought to its insoluble condition, and remains undissolved. 

139. It thus appears that when we have before us a complex 
substance, which is partly soluble in water, and not wholly dis- 
solved by either hydrochloric acid, nitric acid, or aqua-regia, 
three distinct analytical operations may be performed on it, viz.: 
—1. An analysis of the aqueous solution. 2. An analysis of 
the acid solution. 3. An analysis of the insoluble residue. 
If the operator be desirous of obtaining a precise knowledge 
of the mode of arrangement of the different acids and bases in 
such a complex mixture, he must make these three distinct 
analyses ; but, if his object be only to ascertain what acids and 

o % 
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bases are present, he may generally omit a distinct analysis of 
the aqueous solution, and after a careful preliminary examina- 
tion, he may confine his attention to the acid solution (the sub- 
stance not having been previously exhausted by water), and to 
the mass obtained by fusion of the residue with an alkali. 

I. — Examination for Bases : principles upon whicli the 

method depends. 

140. In the Third Chapter, it was shown that by means of 
certain general reagents, metals may be arranged into groves ; 
some of which, by other reagents, may again be subdivided into 
minor groups, each of the individuals composing which may be 
recognized by their comportment with certain other reagents, 
which may be called special. 

141. The general reagents are hydrochloric acid, hydrosu^ 
phuric acid (sulphuretted hydrogen), sulphide of ammonium^ 
ammonia, and the carbonates of soda, ammonia, and potassa ; they 
are of the greatest use to the analytical chemist in conducting a 
systematic qualitative analysis. Thus, if on the addition of 
hydrochloric acid to a solution, no precipitate or turbidity 
should occur, the operator is assured that no salt of silver or 
of suboxide of mercury is present ; neither can the liquid con- 
tain any considerable quantity of a salt of lead ; again, if on 
the addition of sulphuretted hydrogen water in excess, no 
alteration should be perceptible, no member of the fifth growp 
can be present ; and if. after having neutralized the liquid with 
ammonia, no precipitate, or decided change of colour should 
occur, on the addition of sulphide of ammonium, even on the 
application of heat, absence of all members of t\\Q fourth group 
IS indicated, and the solution can contain no bases but some 
one or more of the^r^^ or second groups ; and lastly, the addi- 
tion of an alkaline carbonate will show at once, whether any of 
the alkaline earths are present. If this reagent should give no 
precipitate, then the solution in question can contain no metallic 
oxides but magnesia, and those contained in the first group; 
and {^phosphate of soda should occasion no precipitate or turbi- 
dity, even after agitation and standing, it must be a solution of 
some salt, or salts, of one or more of the alkalies proper. 

142. Let us assume, however, that the reagents have given 
indications of the presence of some one or more of the mem- 
bers of all the groups ; the solution must then be submitted to 
a careful analysis, in accordance with the foLowing scheme. 
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A. Hydrochhrie add has produced a precipitate^ which does not 
disappear when the acid is added in excess^ and the solution warmed i 

The precipitate must be chloride o/*8ILT£b, chloride of lzld^ 
subchUmde of mebguby, either or all, possibly also benzoic acid 
and uric acid; and if the acid has not been added in sufficient 
qoautitj and the solution warmed, oxychlorides of bismuth, 
ANTIMONY, and TIN ; but as the absence of all these bodies is 
secured by heating the well-acidiAed solution, regard need only 
be had to silyeb, mebguby, and lead. 

AnalysiB of the Freoipitate by Hydroohlorio Aoid. 

It is thrown on a filter and washed thoroughly with boiling 
water. 

(1) The washings may contain chloride ofhEUDy which, if pre- 
sent in quantity, crystallizes out as the solution cools in white 
needles. 

Confirmation, — Sulphuric acid produces a white precipi- 
tate; bichromate of potassa produces a, yellow precipitate. 
Lead is present. 

(2) The insoluble portion on the filter may be chloride oj 
8ILTEB and subchloride o/^mebcuby ; wash the precipitate from 
the filter with ammonia, add that reagent in excess, and allow 
the insoluble portion (if anj) to subside. The solution may 
contain chloride of silyeb. 

Confirmation. — Dilute nitric acid added in excess pro- 
duces a white curdy precipitate. 
Silyeb is present. 

The insoluble black residue is subchloride of mercury. 

Confirmation, — L>ry at a gentle heat ; mix with S'y car- 
bonate of soda, and heat the mixture in a bulb tube of 
hard glass ; metallic globules are deposited in the upper 
part of the tube. 
Msbcuby is present. 

B. SydrosulphuHc acid water (sulphuretted hydrogen) pro- 
duces with the filtrate from the precipitate by hydrochloric acid 
(A) a coloured precipitate ; thoroughly saturate the solution with 
hydrosulphuric acid gas. 

The precipitate may contain sulphides of mebcuby, lead, 

BISMUTH, COPPEB, CADMIUM, TIN, ABSENIO, ANTIMONY (OOLD 

and platinum); the last two metals are to be tested for spe^ 
dally, in a portion of the original solution. 

Throw on a filter; wash the precipitate until it is quite 
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free from hjdrocbloric acid ; tamsfer tiie precipitate to a flask, 
boil it for some time with solution of eaugtic potassa^ and filter. 

(1) Analysis of the portion of the precipitate by Hydrosolphnrio 

Acid solnble in Oanstic Potash. 

It may costnin antimoivt, akssitic, and tdt. 

Add hydrochloric acid in excess, and thoroughly saturate with 
hjdrosulphuric acid. The abore metals are re-predpitated as 
gulphides. Filter and wash. Dissolve in as little aqua-regia as 
possible, and introduce the solution into a gas-evolution bottle, 
together with a slip of zinc, and some dilute sulphuric acid, 
(both free from arsenic) gas is evolved, which is washed bj pass- 
ing through a second bottle containing a dUute solution of 
acetate of lead, and is conducted into a precipitate glass con- 
taining a solution of nitrate of silver. If a precipitate occur, 
allow the gas to pass until no further effect is produced. 

This precipitate maj contain antimoitt : collect it on a filter, 
wash thoroughly, and then boil it with tartaric acid ; filter, aci- 
dify the filtrate with hydrochloric acid, and saturate with by- 
drosulphuric acid. 

An orange-coloured precipitate is produced. 
Aktimokt is present. 

The filtrate from the precipitate formed in the nitrate of 
silver may contain arskkic. Add a few drops of acetate of 
potassa. 

A /i^^f-^^Z^tt7 precipitate is formed (arsenite of silver). 
Absxfic is present. 

If any Tiir be present it will have been precipitated on the 
slip of zinc in the gas-evolution bottle, in the form of a black 
powder, which is easily removed from the zinc. It should be 
dissolved in a small quantity of strong hydrochloric acid, diluted 
with water and mixed with a little solution of chloride ofmercwry. 
. A grey precipitate is formed (metallic mercury). 
Tin is present. 

(2) Analysis of the portion of the preoipitate by Eydrosnlphuzie 

Aoid insoluble in Canstie Potash. 

It may contain mebcttbt, lead, bismuth, cofpeb, and cad- 
mium. 

Thoroughly wash ; then boil with strong nitric acid as long 
as red fumes are evolved ; add dilute sulphuric acid as long 
as a precipitate continues to form. If this precipitate be white, 
it contains probably sulphate rf lead; if black, it contains 9uU 
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pkide of mercury ; if pale-yellow and flocculent, it is probably 
only sulphur. Filter, wash, and digest with acetate of ammonia^ 
and filter ; add to the filtrate acetic acid in excess, and then 
solution of chromate of potash. 
A yellow precipitate is formed. 
Lead ia present. 

The residue insoluble in acetate of ammonia (if black) is 
sulphide o/*ir£BcrBY. 

Confirmation. — Drj at a temperature not above that of 
boiling water, mix with dry caroonate of soda, and heat in 
bulb tube of hard glass. Metallic globules are deposited 
in the upper part of the tube. 
Mebouby is present. 

The portion soluble in nitric acid may contain coffsb, 

CADMItTM, and BISMUTH. 

Digest with excess of ammonia, and filter. 

The solution may contain oadmitjm and coppeb; add %- 
droehloric add in excess, and then saturate with hydrosulphuric 
acid. Filter ; wash with hydrosulphuric acid water ; boU with 
dilute sulphuric acid, and filter rapidly. 

The filtrate may contain cadmifh. Thoroughly saturate 
with hydrosulphuric acid, 

A yellow precipitate is formed. 
Cadmium is present. 

The residue on the filter (if any) is sulphide of coppeb. Dis- 
solve in nitric acid and add excess of ammonia : a blue solution 
is formed. 

Confirmation. — Add acetic acid, and then ferrocyanide 
of potassium : a chocolate'ColovLved precipitate is produced. 
Coppeb is present. 

If ammonia has failed to redissolve the whole of the portion 
insoluble in caustic potash, but soluble in nitric acid, the in- 
soluble portion is probably bismuth. 

Confirmation. — ^Eedissolve in dilute nitric acid, add a 
few drops of hydrochloric acid, evaporate nearly to dryness, 
and then add a large quantity of water : the liquid becomes 
milky. 
Bismuth is present. 

C. Analysis of the filtrtde from the precipitate occasioned ly 
hydrosulphuric acid. 

It may contain all the metals of the^r^^, second, thirds and 
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fomik groups^ likewise phnphorie acid in eombkiatioii with 
wetqwUKodet of iron^ ekromimmj and almmmumf and with hatyia^ 
tirontia^ lime, and magnesia. 

Evaporate till the smell of -solphuTetted hydrogen has dis- 
appeared ; add a few drops -of concentrated nUrie aeid, and 
continue the evaporatiou to perfect dryness. Should organic 
inatter, or any of the. organic acids hare heen indicated in the 
preliminary examination, the dry residue must be heated to 
redness to destroy them, since their pfeseiioe in the solution to 
be analysed wotdd prevent the precipitation of iron and alu^ 
mina, but in the absence of organic matter, ignition of the 
residue may be dispensed with ;. in any case, it should not be 
heated too strongly, as certain oxides (sesquioxide ef iron and 
9esquioxide of chromiam) are dissolved with difficulty after 
having been ignited. Warm the dry, or the ignited residue 
with concentrated hydrochlarie acid, then add water, and heat 
untU it 19 entirely redissolved, or at any rate until no further 
action takes place. Should a tohite residue be left, it is pro- 
bably silicic acid, possibly sulphates of baryta and strontiai 
should the residue be coloured, it probably contains sesquioxide 
qf iron or sesquioxide of chromitim. A little experience will 
enable the operator to decide whether the insoluble residue re* 
quires further examination ; should be deem such to be neces- 
sary, he must proceed with it according to the instructions 
given under K Filter from the insoluble residue (if any), 
add abundance of chloride of ammonium, then ammonia in ex- 
cess, warm gently, and filter rapidly, 

I. Analysis of tbe portion precipitated by Amfnoiiia. 

It may contain sesqtdoxides of irok, chrokium, and aluki- 
KTTM, also i\\e phosphates of those tesquiaxides : it may also con- 
tain the phosphates of babyta, btbontIa, lime, and maokebia. 
The further treatment of the precipitate depends upon the pre* 
sence or absence of phosphoric acid. Dissolve a small portion 
in hydrochloric acid, and test with molybdate of ammonia, 

a. fbosphorio Acid is present. 

Boil the rest of the precipitate with oxalic acid; when cold, 
add acetate of potash, shake well, allow to stand for some time, 
and then filter. 

The insoluble portion may contain bakyta, stboktia, and 
LIME, now in combination with oxalic acid. It is collected 
upon a filter, well washed, -and then dried and igmted, by 
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B. It blackens. 

(1) A peculiar odour (acetone) is evolved. Presence of 
^acetates, 

(2) A colourless residue, soluble with effervescence in hy- 
drochloric acid. One or more of the orgamc acids in combination 
with alkalies or alkaline earths may be present. 

111. A small portion of the substance is heated on charcoal 
in the inner blowpipe flame. 
• (1) The substance colours the outer flame — 

a. Golden yellow, indicating sodium, 

P, Violet^ indicating potassium, 

y. Yellowish-green, indicating barium, 

o. Crimson, indicating strontium, 

€, Reddish-yelhw, indicating caldum. 

f . Oreen, indicating copper, phosphoric acid, horacic acid, 

rj. Blue, indicating anttmong^ lead, arsenious acid, chloride 
of copper, 

(2) The substance deflagrates, indicating nitrates, or chlorates. 
The substance decrepitates, indicating chloride qfso^um. 
The substance intumesces, indicating alums, borates, 

(3) The suh^tSLUce fuses readily and is absorbed by the char' 
coal, indicating alkaline salts, 

(4) The substance does not fuse, but leaves a white residue. 
Salts of barium, strontium, calcium, magnesium, aluminum, zinc, 
and silicic acid may be present;' if it become highly luminous 
on ignition, oxides of strontium, calcium, magnesium, and zinc 
must be looked for. If on moistening the cold residue with 
nitrate of cobalt and again strongly igniting, it assume a fine 
blue colour, alwmina, or earthy phosphates, are present ; if it 
become pale-red, magnesia ; if green, oxide of zinc, 

(5) The substance does not fuse, but leaves a coloured residue. 
Heat a small fragment on a clear borax bead on platinum wire, 
in the outer flame of the blowpipe. 

a. The bead is blue when hot, and blue when cold. 

Characteristic of oxide of cobalt, 
p. The bead is green when hot, and bliM when cold. 

Characteristic of oxide of copper, 
y. The bead is green when hot, and green when cold. 

Characteristic of sesquioxide of chromium. 
8. The bead is brownish-red when hot, and orcmge when 

cold. Characteristic of sesquioxide of iron. 
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(sulphuretted hydrogen)^ arising probably from moist sulphides, 
is indicated. 

(8) A pungent gas is evolved which restores the blue colour 
of reddened litmus-paper, and causes dense fumes when a glass 
rod moistened with strong acetic acid is brought into contact 
with it. Ammonia is indicated, which may arise from the de» 
composition of ammoniacal salts, from the decomposition of 
nitrogenous organic matters, or possibly from the decomposition 
of some cyanogen compounds. 

(9) A vapour rises from the heated substance which con- 
denses in the cooler parts of the tube. 

a. The condensed liquid does not affect the colour of 
litmus-paper: it is pure water. Some salt or salts 
containing water of crystallization, (alums, borates, 
alkaline phosphates, etc.,) are present. 

p. The condensed liquid has an alkaline reaction. Am^ 
monium compounds are indicated. 

y. The condensed liquid has an acid reaction. Some 
volatile acid is indicated (sulphurie, sulphurous, 
hydrofluoric, hydrochloric, hydrohromie, hydriodie, 
nitric, etc.). 

(10) The substance sublimes with, or without odour, and is 
deposited on the cold sides of the tube. Various volatile salts 
may be present, also arsenious acid, benzoic acid, etc.; also 
sulphur (condensing in brown oily drops.) 

II. A small portion of the substance is heated in a closed 
tube with carbonate of soda. 

A. It does not blacken. 

(1) A metallic mirror is formed on the cooler part of the 
tube, which cannot be resolved into metallic globules by rubbing 
it with a glass rod, and which, on further heating, is volatilized, 

and again sublimed in the form of octahedral crystals. ArsO' \ 

nical compounds are indicated. 

(2) A metallic mirror is formed, resolvable into metallic 
globules by rubbing with a glass rod. Mercurial compounds are 
indicated. 

(•S) No metallic sublimate, but an aromatic odour of frank- 
incense emitted. A salt of benzoic acid probably present. 

(4) No metallic sublimate, but powerfully irritating fumes. 
Succinic acid is probably present. 
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B. It blackens. 

(1) A peculiar odour (acetone) is evolved. Presence of 
aeetate%, 

(2) A colourless residue, soluble with effervescence in hy- 
drochloric acid. One or more of the organic acids in combination 
with alkalies or alkaline earths may be present. 

111. A small portion of the substance is heated on charcoal 
in the inner blowpipe flame. 
• (1) The substance colours the outer flame — 

a. Oolden yellow, indicating sodium. 

p. Violet y indicating potassium, 

y. Yelhwish-green, indicating harium. 

0. Crimson, indicating strontium. 

c. Reddish^ellow, indicating caldum. 

C Oreen, indicating copper, phosphoric acid, horacic acid. 

rj. Blue, indicating antimony, lead, arsenious acid, chloride 
of copper. 

(2) The substance deflagrates, indicating nitrates, or chlorates. 
The substance decrepitates, indicating chloride of sodium. 
The substance intumesces, indicating alums, borates, 

(3) The substance j^tf« readily and is absorbed by the char' 
coal, indicating alkaline salts. 

(4) The substance does not fuse, but leaves a white residue. 
Salts of barium, strontium, calcium, magnesium, aluminum, zinc, 
and silicic add may be present;' if it become highly luminous 
on ignition, oxides of strontium, calcium, magnesium, and zinc 
must be looked for. If on moistening the cold residue with 
nitrate of cobalt and again strongly igniting, it assume a fine 
blue colour, alumina, or earthy phosphates, are present ; if it 
become pale-red, magnesia ; if green, oxide of zinc. 

(5) The substance does not fuse, but leaves a coloured residue. 
Heat a small fragment on a clear borax bead on platinum wire, 
in the outer flame of the blowpipe. 

a. The bead is bhie when hot, and blue when cold. 

Characteristic of oxide of cobalt, 
p. The bead is green when hot, and blue when cold. 

Characteristic of oxide of copper. 
y. The bead is green when hot, and qreen when cold. 

Characteristic of sesquioxide of chromium. 
8. The bead is brownish-red when hot, and orange when 

cold. Characteristic of sesquiosnde of iron: 
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one portion add sulphate of lime, A white precipitate is formed 
after a time. 

Stbontxa is present. 

Dilute the other part of the solution with water, add a drop 
of ammonia and oxalate of ammonia. A white precipitate is 
produced. 

Lime is present. 

H. Treatment of the Filtrate from the Precipitate by Carbonate 

of Ammonia. 

It may contain magnesia, and the alkalies. Add a few 
drops of carbonate of ammonia, to be assured that everything 
precipitable by that reagent has been removed. Should the 
solution rems^in clear, to a small portion add ammonia and^Ao^- 
phate of soda, and agitate. A white crystalline precipitate is 
formed. 

Maokssla is present. « 

Evaporate the remainder of the solution to drjmess, and ig- 
nite till ammoniacal fumes cease to be evolved. Heat a smidl 
portion of the ignited residue on platinum wire, in the inner 
name of the blowpipe. The outer flame is tinged yellow. 
Soda is present. 

Bedissolve the remainder of the ignited residue in a little 
hot water ; add a drop of hydrochloric acid^ and a few drops of 
bichloride of platinum, and stir. A yellow crystalline precipi- 
tate is formed. 

FoTASSA is present. 

: Ammonia, if present, wiU have been formed in the prelimi- 
nary examination. 

E. Analysis of the portion insoluble in water and in acids. 

It may contain lead, babtta, stroktia, and lime, as sul* 
phates ; lead and silyeb, sls chlorides ; it may also contain 
the insoluble modifications of the sesquioxides of aluminum, 
IBON, and CHBOMI17M ; silicates, alumvnates, and fluorides ; and 
hinoadde of TIN, and certain phosphates, arseniates, and antimo- 
fiiates. A small portion is first submitted to a careful pre- 
liminary examination by the blowpipe, whereby a general 
knowledge of its nature is obtained. It is then fused with 
three or four times its weight of a mixture of carbonate of pot" 
assa and carbonate of soda : the fusion may be made in a plati- 
num -crucible, unless the preliminary examination has indicated 
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tbe presence of some one or more of tbe heavy metals, in which 
case a porcelain crucible must be used. Tbe fused mass, when 
cold, is boiled for some time with distilled water, thrown on a 
filter, and tbe insoluble portion thoroughly washed. 

I. Treatment of the portion insoluble in boiling water. 

It may contain tbe bases mentioned above, some as oxides^ 
and some as carbonates ; and silicic acid. It is redissolved in 
hydrochloric acid (unless the preliminary examination bas in- 
dicated the presence of lead or silver, in which case nitric acid 
must be used). Tbe acd solution is examined systematically, 
according to the instructions already given. 

II. Treatment of the portion soluble in boiling water. 

It may contain certain inorganic acids, possibly also some 
oxide of lis, oxide ^antimony, oxide of luov, and limb. 
The solution is divided into two parts (a, fi). 

a. Tin, antimony, iron, and alumina are specially tested 
for. 

/3. The inorganic acids are tested for. 

II. — Preliminary Examination for Acids. 

143. In the general preliminary examination of the com- 
pound under analysis, the following acids will (if the experi- 
ments have been carefully conducted) probably have been de- 
tected, viz. ht/drosulphuric acid, sulphurous acid, carbonic acid, 
chromic acid, arsenious and arsenic acids, silicic acid; the acids 
of chlorine, bromine, iodine, and fluorine ; the acids of cyanogen 
and of nitrogen ; oxalic, acetic, and some other of tbe organic 
acids. Nevertheless, when several of these acids exist toge- 
ther, it is quite possible that some may be missed even by 
the most experienced analyst. A careful special testing 
should always, therefore, be had recourse to, and the opera- 
tor must consider, by reference to the nature of the bases 
already discovered, what acid can possibly be in combination 
with them. 

I. Treat a portion of the substance in a test-tube with con- 
centrated sulphuric acid. Should a greenish-yellow gas, having 
the odour of chlorine, be evolved, it indicates the presence of 
one of the oxygen compounds of chlorine. This gas is highly ex- 
plosive, and therefore the application of heat must be avoided ; 
in the absence of tins gas, apply heat. 

A. It becomes hlaoJe, evolving gases (amongst whioh sul^ 
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p%wrou$ acid can be recognized), and a strong odour of burnt 
sugar. Tartaric and malic acidc must be specially sought 
for. 

B. It is decomposed without changing colour, evolving gas, 
but no odour of burnt sugar. 

a. The gas bums with a Hue flame (carbonic oxide) and 
renders lime-water turbid (carbonic acid). The presence 
of oxalic acid is indicated. 

P, The gas burns with a blue flame, and restores the 
blue colour of reddened litmus-paper (ammoniu). The 
acids of cyanogen must be specially tested for. 

y. A gas or vapour is evolved which is not inflammable, 
and the substance is tiot blackened. Carbonic, 9tdphurou9j 
hydrosulphuric, hydrochloric, hydrofluoric, nitric, acetic, 
benzoic, and succinic acids may be present. 

B. A volatile vapour is evolved having an agreeable 
odour, and burning with a clear white flame (acetone). 
Acetic acid is clearly indicated. 

c. A vapour is evolved which corrodes glass. Hydro- 
fluoric acid is present. 

II. Heat a portion of the substance with sulphuric acid and 
binoxide of manganese. 

a. Chlorine is evolved. 

)3. Violet vapours are evolved which colour starch-paste 
blue. Iodine is indicated. 

y. Dense red vapours are evolved which colour starch- 
paste orange. Bromine is indicated. 

III. Heat a portion of the substance with sulphuric acid 
and copper filings, brown-red fumes are evolved. One or more 
of the acids of nitrogen are present. 

IV. Heat a portiou of the substance with dilute hydrochloric 
acid. 

a. A colourless gas is evolved which renders lime water 
milky. Carbonic acid is present. 

p. A colourless gas is evolved which blackens lead-paper, 
and which possesses the odour of rotten eggs. Hydrosul^ 
phuric acid is present. 

y. A. colourless gas is evolved, possessing the smell of 
burning sulphur. Sulphurous acid is present. 

8. Bed vapours are evolved. JVitric add is present. 
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General Mules for the Preparation of the Solution to he tested 

for Acids, 

144. Since many bases would be precipitated by the reagents 
employed to detect the presence of acids in the wet way, as a 

fneral rule, every metallic oxide, but those included in Group 
(the alkalies) is removed from a solution before proceeding 
to test it for acids. This may nearly always be effected by 
boiling with carbonate of soda (1) in slight excess. In some 
cases, it may be necessary to remove the oxides of the heavier 
metals by hydrosulphuric acid and sulphide of ammonium. 

(2) Chromio acid, if present, should be reduced by hydro- 
sulphuric acid, and the oxide separated by ammonia. 

(8) Silicic acid should be separated by evaporating to dry- 
ness, with excess of hydrochloric acid, redissolving the residue 
in dilute hydrochloric acid, and neutralizing by ammonia. 

Note. — In this case the volatile acids — viz. hydrocyanic, 
hydrobromic, hydriodic, acetic, formic, succinic, and benzoic 
acids — cannot be found in the solution. Acetic acid may be 
tested for specially with sulphuric acid and alcohol. The pre- 
sence of silicic acid does not interfere with the testing for suc- 
cinic and benzoic acids by sesquichloride of iron, nor with that 
of hydrocyanic acid, hydrobromic acid and hydriodic acid by 
nitrate of silver. 

(4) If the substance be insoluble in water, but soluble in 
acids, and if it has been found by the preliminary examination 
to contain an organic acid, or hydrocyanic, hydrobromic, or hy- 
driodic acid, it should be boiled with carbonate of soda ; the 
base remains in the residue either free, or combined with car- 
bonic acid, and the acid is dissolved in combination with soda. 
The solution should be exactly neutralized by nitric acid pre- 
vious to testing for acids. 

(5) If the solution to be tested for acids contain ammoniacal 
salts, boracic, tartaric, and citric acids cannot be recognized by 
the usual reagents. In such a case, the boracic acid may be 
tested for specially ; or the ammoniacal salts may be removed 
by long-continued boiling with potassa, and the solution after- 
wards neutralized by nitric acid. 

(6) If the substance be insoluble in water, but soluble in 
acids, and not a compound of an organic acid, or of hydrocy- 
anic, hydrobromic, or hydriodic acids, a part may be dissolved 
in hydrochloric acid, and tested for all acids but hydrochloric, 
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and another part in nitric acid, and tested for hydrochloric acid 
by nitrate of silver. 

(7) Carbonic, 1fydro9ulphurie, and 9ulphurou$ acids should 
be separated, if present, bj a strong acid, and the solution 
neatralized, one part with potas$a, in order to test for boracic, 
taiinric. and citnc acids, the other part with ammonia^ to test 
for the other acids. Carbonic acid may be recognised by the 
precipitate caused by transmitting the gas through baryta 
water. Hffdrotulphwric acid is recognised by its odour and by 
its reaction with a salt of lead, and sulphurous acid is also 
recognized by 'its odour, and by the white precipitate occa- 
sioned by passing the gas through a solution of sulphuretted 
hydrogen. 

The fK)iution filtered from the precipitate occasioned by car- 
bonate of soda, (1) is divided into four parts. One part (A) 
is rendered slightly acid by hydrochloric acid; another put 
(B) is acidified by nitric acid; a third part (C) by acetic ticid; 
and the fourth part (D), after having been acidified by nitric 
acid added in slight excess, is again made slightly alkaline by 
the addition of a few drops of caustic poiassa. 

I. FiTamlTiafcion of the Solutioii acidified by Hydrochloric Add (▲). 

Chloride of barium produces a white precipitate insoluble 
by boiling with great excess of acid. Sulpuubic acid is pre- 
sent. 

Note. — ^It being possible that the carbonate of soda used in 
preparing the solution may contain sulphate of soda, a small 
portion of the hydrochloric solution of the substance prepared 
for the examination for bases, may advantageously be employed 
for the detection of sulphuric acid. 

Sesquiehloride of iron produces a deep^blue precipitate, and 
protosulphate of iron a pale-blue precipitate. Hydrofebbo^ 
OTANio ACID is indicated. 

Protosulphate of iron produces a deep-blue precipitate ; ses* 
quichloride of irou no precipitate, but a brown coloration. Ht* 
BBOTiEBBiDCTAVic ACID is indicated. 

NoTX. — If a darMlue precipitate has been produced proto- 
sulphate of iron, and a dark-blue precipitate also by sesqup- 
chloride of iron, it is probable that hydroferroeyanic and hydro- 
ferridcyanic acids are both present. Proof of the presencif of 
the latter acid is obtained by the solubility of the red-brown 
precipitate, which it forms with nitrate of silver in ammonia; 
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the corresponding salt of hjdroferrocyanic acid being insoluble 
in ammonia. 

Sesquichhride of iron produces a hlood-red colour, whicb is 
destroyed by solution of chloride of mercury, Sxilphocyawic 
AOin is indicated. 

Note. — It must be borne in mind that a similar coloration 
is produced with acetic add; in this case however the colour is 
desteoyed by hydrochloric acid. It must be remembered, more- 
over, that when solution of sesquichloride of iron ahne is 
heated, its colour becomes considerably heightened. 

H. Examination of the Solution acidified bj Kitric Aoid (B). 

Nitrate of silver produces a white precipitate, insoluble even 
by boiling in strong nitric add, but very soluble in ammonia. 
Htdeochloeic acid is present. 

N OTE. — Sydrochloric acid is, however, best sought for in a 
nitric add solution of a portion of the original substance, as it 
is almost impossible to obtain carbonate of soda quite free from 
chloride of sodium, 

Nitrate of diver produces a yellounsh-tohite precipitate, so- 
luble in ammonia, but not so readily so as chloride of silver. 
Hydbobeomio acid is indicated. 

Confirmation. — Add chlorine water to a portion of the 

original solution, and then agitate with ether, which will 

take up the bromine, and acquire a more or less deep yellow 

tinge. 

Nitrate, of dli>er -produces & yellowish precipitate, soluble with 
great difficulty in ammonia, Hydbiodio acid is indicated. 
Confirm by the Hue colour imparted to starch paste. 

Nitrate of diver produces a white curdy precipitate, soluble in 
ammonia and in alkaline cyanides, 

Confi/rm by the peach-coloured flame, produced when the 

gas evolved by heating the dried precipitate in a tube is 

ignited. Hydro otaitic acid is indicated, 

Note. — As chloride of silver and cyanide of dl/oer are both 
readiljr soluble in ammonia, a further test is required to dis- 
tinguish hydrochloric acid in the presence of hydrocyanic acid. 
The precipitate produced by nitrate of silver leaves after 
ignition, in the case of pure cyanide of silver, only metallic 
silver, which may be dissolved by nitric acid; any residue 
remaining is chloride of silver, which is insoluble in nitric 
acid. 

PAKT I. p 
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HI. lB»Hnfaation of the Solution aoidifled by Aoetlc Add {0). 

Sesguichloride of iron produces a i/ellowish-tohite precipitate. 
Phosphobio acid is present. 

Confirm by molyhdate of ammonia. 
Sulphate of lime produces a white precipitate, which, after 
ignition, is soluble with effervescence in hydrochloric acid. 
Oxalic acid is present. 

Chloride of calcium produces a white gelatinous precipitate. 
Htdbofluobic acid is probably present. 
Confirm by action on glass. 

ly. Bzamiziation of tlie Solution rendered nearly neutral by Oaustio 

Potaesa (D). 

Chloride of calcium "^TodMQQfi a precipitate, soluble in Moride 
of ammonium, and in caustic potassa in the cold. ' Tabtabic 
acid is present. 

Chloride of calcium produces no precipitate till ammonia or 
lime water is added and the whole boiled. Citbio acid is 
present. 

Note.— The recognition of tartaric and citric acids, when 
both exist together in a solution, requires considerable care. 
If a precipitate has been produced by chloride of calcium ^ it 
must be filtered off ; and the filtrate tested for citric acid by 
adding ammonia and boiling. "When tartrate of silver, formed 
by precipitating a solution containing tartaric acid with nitrate 
of silver, is gently heated with ammonia in a test-tube, a shin- 
ing mirror of metallic silver is deposited ; a similar mirror is 
formed with citric acid, but only after long boiling. 

Sesqtuchloride of iron produces 9, yellounsh-hrown precipitate. 
Benzoic acid is probably present. 

Note. — Indications of this acid will have been obtained in 
the preliminary examination. 

Sesquichioride of iron produces a reddish-brown precipitate. 
Succinic acid is probably present. 

Note. — If the solution contain at the same time benzoic 
and succinic acids, the latter may be recognized thus : — Digest 
the precipitate produced by sesquichioride of iron with am- 
monia ; filter off any benzoate of iron which may be formed, 
add to the filtrate chloride of barium, alcohol, and ammonia, by 
which succinic acid is precipitated, succinate of the alkaline 
earths being insoluble in alcohol. 
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Sesquichloride of iron produces a Uuiih-hlaeh precipitate. 
Gallic or Taj^kic acids are indicated. 

Note. — Tannic acid produces, with solution of gelatine, an 
insoluble curdj precipitate ; gallic acid is not precipitated bj 
gelatine. 

BoBACio ACID is recognized by its action on turmeric paper, 
which it reddens, like an alkali. If a solution, containing a 
borate, be treated with slight excess of hydrochloric acid, and 
a piece of turmeric paper be immersed in the liquid and then 
dried at 212^, it will be found to have acquired a brownish-red 
colour. 
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The Isle of Wight Stereographs. 

22 slides, 21^. 

Interior of the British Museum. 

By Rogeb Fenton, Esq. 

25 slides, 25«. 

English Castles and Abbeys. 

14 sUdes, 14#. 

Foreign Castles and Abbeys. 

24 slides, 24«. 

EngUsh Cathedrals and Churches. 

21 slides, 21«. 

Foreign Cathedrals and Churches. 

33 slides, 38«. 

Calvaries and Crosses. 

10 slides, 10«. 

Bruidical Memains. 

6 slides, 6^. 

♦*♦ Any of the above Stereographs may be had singly at Is, each; also a laat of 
440 subjects. 

Folding Stereoscopes in cases, 8«. 6^/. each. 
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MISCELLANEOUS. 

The Oate of the Facijic. 

By Commander Bedtobd Pjm, R.N., F.R.6.S., Assoc. Inst. C.E. 
Demy %yo, 8 Chromo-Lithographs, Maps and Plans. 18«. 

Phosphorescence ; 

Or, the Emission of Light by Minerals, Plants, and Animals. By Dr. T. L. 
Phipson, F.C.S., Member of the Chemical Sociely of Paris, etc. etc. 

Numerous Illustrations, 5«. 

Shakespeare^ s Sonnets^ 

Facsimile, by Photo-Zincography, of the First Printed edition of 1 609. From the 
Copy in the Library of Bridgewater House, by permission of the Right Hon. the 
Earl of EUesmere. 

10*. M. 

Literary Tapers on Sdentijic Subjects. 

By the late Professor Edward Forbes, F.R.S., selected from his Writings in the 
'Literary Gazette.' With a Portrait and Memoir. 

Small 8yo, 6#. 

A Treatise on the Growth and Futtt/re Treatment 

of Timber Trees. By G. W. Newton, of Ollersett, J.P. 

Half-bound calf, 10*. 6^. 

Farhs a/nd Fleasure Grounds ; 

Or, Practical Notes on Country Residences, Villas, Public Parks, and Gardens. 
By Charles H. J. Smith, Landscape Gardener. 

Crown 8to, 6«. 

The Flanetary and Stella/r Universe. 

A Series of Lectures. With Illustrations. By R. J. Mank. 

12mo, 5«. 

The Artificial Production of Fish. 

ByPiscARius. Third Edition, \s. 

The Antiquity of Man. 

An Examination of Sir Charles Lyell's recent Work. By S. R. Pattison, F.G.S. 

8vo, 1*. 

Cotton^ and the Want of it. 

2 coloured plates by Fitch, 1#. 
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NEW SERIES OF BRITISH NATURAL HISTORIES) 
British Flora. 

By G. Bentham. 12j. ' \ltiM^ 

British Fungology. 

By the Rev. M. J. Berkelist. 80^. [Ret^ 

British Ferns. 

By Sir W. Hooker. 42*. \It»dd^ 

British Field Plants. 

(The Field Botanist's Companion.) By Thomas Moore. 21*. [Sead/j, 

British Land and Freshwater MollusJcs* 

By LovELL Reeve, r.L.S. 10*. 6^?. ' \Readp. 

British Mosses. 

By the Rev. M. J. Berkeley. [Nearfy raAdy^, 

. SERIALS. 
Portraits of Men of Fminence. 

With Biographical Memoirs. The Photographs by Ernest Edwards, B.A. Three 
Portraits, with Memoirs in each Part. , 

2*. 6rf. Monthly. 

Illustrated HandbooJc of the British Flora. 

By G. Bentham, F.R.S., President of the Linnean Society. Wood Engraving^^ 
with Dissections, of every Species, from original Drawings by W. Fitch. 

2*. 6fi?. Monthly. 

Botanical Magazine. y 

New and Rare Plants. "With Descriptions by Sir W. Hooker, D.O.L., F.R.S., 
and 6 coloured plates, with Dissections, by W. Fitch. 

3*. 6rf. Monthly. ' \ . ''. 

Floral Magazine : 

New Popular Garden Flowers. With Descriptions by the Rev. H, H. DoMBRAfNE, 
4 coloured plates by Andrews, and a Companion containing NewB ind Qrigiual 
Articles an Subjects connected with Floriculture. 

2*. 6fl?. Monthly, ^ ' . 

Select Orchidaceous Plants. 

By R. Warner, F.R.H.S. - , . 

Folio, 4 superbly coloured plates, 10*. 6flf. Quarterly. 

Phycologia AustraUca. 

By Dr. Harvey, F.R.S. - 

6 coloured plates, 3^. Monthly. 

Conchologia Iconica. \ 

By LovELL Reeve, F.L.S. 

4to, 8 coloured plates, 10*. Monthly. ^ 

Geologist. 

Illuatrated Magazine of Geology, Palseontology, and Mineralogy. 

Wood engravings, 1*. %d. Monthly. 
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Gartis^ British Coleoptera. 

6 coloured copper-plates, 2«. ^d. Monthly. 

Gurti^ BriiiaJb Lepidoptera. 

5 coloured copper-plates, 2«. 6^. Monthly. 

Ourtia'^ British Hymenoptera. 

5 coloured copper-plates, 2«. 6^. Monthly. 

Ourtis^ British Diptera. 

5 coloured copper-plates, 2^. 6flf. Monthly. 

Stereoscopic Magazine. 

8 stereographs, with Descriptions, 2«. 6^. Monthly. 

Stereoscopic Cabinet. 

8 stereoscopic slides, 2«. 6£?. Monthly. 

Foreign Stereoscopic Cabinet. 

8 Foreign stereoscopic slides, 2^. 6<f. Monthly. 



EECENT WORKS. 

Noad's Chemical Analysis. 

Part I., Qualitative, Wood-Engravings, 6*. 

Captain Pim!s Gate of the Pacific. 

8 Chromo-Lithographs. Maps, and Plana. 18«. 

Beeve^s British Land and Freshwater MollnsJcs. 

Wood Engravings. 10*. ^d, 

Br. Phipson^s Phosphorescence. 

Coloured Frontispiece and Wood Engravings, 5#. 

Moof^s Field Botanisfs Companion. 

24 coloured plates, 21*. 

Professor SmytJCs Three Cities in Russia. 

2 vols.. Maps and lUnstratioDS, 26*. 

Shakespeare^ S Sonnets. FacsimUe of the First Edition. 

10*. 6<;. 

Howard's Nueva Qmnologia. 

30 coloured plates^ £6. 6*. 

Hookers British Ferns. 

66 coloured plates, 42*. 

Hooker* s Garden Ferns. 

64 coloured plates, 42*. 



